Atmel Corporation 


CMOS Integrated Circuit 


Data Book 1993 • 1994 


AlmEL 


® 


is the registered trademark of Atmel Corporation, 
2125 O'Nel Drive, San Jose, CA 95131 


AlmEL 
-- 
_ 


Atmel guarantees 
that its circuits will be free from defects of 
material and workmanship 
under normal use and service, and that 
these circuits will perform to current specifications 
in accordance 
with, and subject to, the Company's 
standard warranty which is 
detailed in Atmel's Purchasing Order Acknowledgment. 


Atmel 
reserves 
the right to change 
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or specifications 
detailed in this data book at any time without notice, and assumes 
no responsibility 
for any errors within this document. Atmel does 
not make any commitment 
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Atmel Corporation designs, manufactures 
and markets 
high quality and high performance CMOS memory ,logic 
and analog integrated circuits. Founded in 1984, the 
Company selVes the manufacturers of computation, com- 
munications and instrumentation equipment in military 
and commercial environments. 


Atmel's broad line of products provide customers with a 
variety of solutions to their memory applications. Atmel 
can offer high-density, high-speed memory and logic stan- 
dard products as well as custom gate arrays. 


Atmel guarantees quality and reliability by fabricating all 
products- 
no matter what their intended application- 
to 
meet or exceed the specifications of Military Standard 883. 


If you have any questions, please call your nearest Atmel 
representative or distributor as listed in the back of this 
data book, or contact Atmel's corporate headquarters: 


Atmel Corporation 
2125 O'Nel Drive 
SanJose,CA 
95131 
Phone: (408) 441-0311 
Facsimile: (408) 436-4200 
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Serial E2PROMs 
AT24C01 
128 x 8 
AT24C01A 
128 x 8 


AT24C02 
256 x 8 
AT24C04 
512 x 8 
AT24C08 
1024 x 8 
AT24C16 
2048 x 8 
AT24C164 
2048 x 8 
AT93C46 
64 x 16 / 128 x 8 
AT93C56 
128 x 16/256 
x 8 
AT93C57 
128 x 16 / 256 x 8 
AT93C66 
256 x 16/512 
x 8 
AT59C11 
64x16/128x8 
AT59C22 
128 x 16/256 
x 8 
AT59C13 
256 x 16/512 
x 8 


AT28C04 
AT28C16 
AT28C17 
AT28C64 
AT28C64X 
AT28HC64/L 
AT28LV64 
AT28C64B 
AT28PC64 
AT28C256 
AT28HC256/L 
AT28C1024 
AT28C010 
AT28MC020 
AT28 MC040 


512x8 
2Kx 8 
2Kx 8 
8Kx 8 
8Kx 8 
8Kx 8 
8Kx 8 
8Kx 8 
8Kx 8 
32K x 8 
32K x 8 
64K x 16 
128K x 8 
256K x 8 
512K x 8 
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32K x 8 
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32K x 8 
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32K x 8 
AT29C512 
64K x 8 
AT29LV512 
64Kx8 
AT29C010 
128K x 8 
AT29LV010 
128Kx8 
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512K x 8 
AT29LV040 
512K x 8 
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128K x 8 
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128K x 8 
AT27C1024 
64K x 16 
AT27HC1024 
64K x 16 
AT27LV1024 
64K x 16 
AT27C040 
512Kx8 
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8K x 8 
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Part No. 
Organization 
Description 
, 
Page No. 


AT24C01 
128 x 8 
2-Wire, 
1K Serial E2PROM 
2-3 


AT24C01A 
128x 
8 
2-Wire, 
1K Serial E2PROM 
2-13 


AT24C02 
256 x 8 
2-Wire, 
2K Serial E2PROM 
2-13 


AT24C02N 
256 x 8 
2-Wire, 
2K Serial E2PROM 
2-13 


AT24C04 
512x 
8 
2-Wire, 
4K Serial E2PROM 
2-13 


AT24C04N 
512 x 8 
2-Wire, 
4K Serial E2PROM 
2-13 


AT24C08 
1024 x 8 
2-Wire, 
8K Serial E2PROM 
2-13 


AT24C08N 
1024 x 8 
2-Wire, 
8K Serial E2PROM 
2-13 


AT24C16 
2048 x 16 
2-Wire, 
16K Serial E2PROM 
2-13 


AT24C16N 
2048 x 16 
2-Wire, 
16K Serial E2PROM 
2-13 


AT24C164 
2048 x 8 
2-Wire, 
16K Serial E2PROM 
2-27 


AT59C11 
64x 
161 128x 
8 
4-Wire, 
1K Serial E2PROM 
2-51 


AT59C11W 
64x16/128x8 
4-Wire, 
1K Serial E2PROM, 
EIAJ 
2-51 


AT59C13 
256x16/512x8 
4-Wire, 
4K Serial E2PROM 
2-51 
AT59C13W 
256x16/512x8 
4-Wire, 
4K Serial E2PROM, 
EIAJ 
2-51 


AT59C22 
128 x 16 1256 x 8 
4-Wire, 
2K Serial E2PROM 
2-51 


AT59C22W 
128 x 16 1256 x 8 
4-Wire, 
2K Serial E2PROM, 
EIAJ 
2-51 
AT93C46 
64 x 16/128 
x 8 
3-Wire, 
1K Serial E2PROM 
2-37 


AT93C46R 
64x 
161 128x 
8 
3-Wire, 
1K Serial E2PROM, 
Rotated 
2-37 


AT93C46W 
64x16/128x8 
3-Wire, 
1K Serial E2PROM, 
EIAJ 
2-37 


AT93C56 
128 x 16 1256 x 8 
3-Wire, 
2K Serial E2PROM 
2-37 
AT93C56W 
128 x 16 1256 x 8 
3-Wire, 
2K Serial E2PROM, 
EIAJ 
2-37 
AT93C57 
128 x 16 1256 x 8 
3-Wire, 
2K Serial E2PROM 
2-37 
AT93C57W 
128 x 16 1256 x 8 
3-Wire, 
2K Serial E2PROM, 
EIAJ 
2-37 
AT93C66 
256x16/512x8 
3-Wire, 
4K Serial E2PROM 
2-37 
AT93C66W 
256x16/512x8 
3-Wire, 
4K Serial E2PROM, 
EIAJ 
2-37 
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Part No. 
Organization 
Description 
Page No. 


AT28C010 
128Kx 
8 
1-Mbit E2PROM 
with 128-Byte 
Page 
2-183 


AT28C010E 
128K x 8 
1-Mbit E2PROM 
with 128-Byte 
Page & Extended 
Endurance 
2-183 


AT28C04 
512x 
8 
4KE2PROM 
2-63 


AT28C04E 
512x 
8 
4K E2PROM 
wtth Extended 
Endurance 
2-63 


AT28C04F 
512x 
8 
4K E2PROM 
wtth Fast Write 
2-63 


AT28C1024 
64K x 16 
1-Mbit E2PROM 
2-173 


AT28C16 
2Kx 
8 
16KE2PROM 
2-71 


AT28C16E 
2Kx 
8 
16K E2PROM 
wtth Extended 
Endurance 
2-71 


AT28C16F 
2Kx 
8 
16K E2PROM 
wtth Fast Write 
2-71 


AT28C17 
2Kx 
8 
16K E2PROM 
2-81 


AT28C17E 
2Kx 
8 
16K E2PROM 
wtth Extended 
Endurance 
2-81 


AT28C17F 
2Kx 
8 
16K E2PROM 
wtth Fast Write 
2-81 


AT28C256 
32K x 8 
256K E2PROM 
wtth 64-Byte 
Page & Software 
Data Protection 
2-147 


AT28C256E 
32K x 8 
256K E2PROM 
wtth Extended 
Endurance 
2-147 


AT28C256F 
32K x 8 
256K E2PROM 
wtth Fast Write 
2-147 


AT28C64 
8Kx 
8 
64K E2PROM 
2-91 


AT28C64B 
8Kx 
8 
64K E2PROM 
wtth 64-Byte 
Page & Software 
Data Protection 
2-123 


AT28C64E 
8Kx 
8 
64K E2PROM 
wtth Extended 
Endurance 
2-91 


AT28C64F 
8Kx 
8 
64K E2PROM 
wtth Fast Write 
2-91 


AT28C64X 
8Kx 
8 
64K E2PROM 
wtthout 
Ready-Busy 
2-91 


AT28HC256 
32Kx 
8 
High Speed 256K E2PROM 
wtth 64-Byte 
Page & Software 
Data Protection 
2-159 


AT28HC256E 
32Kx 
8 
High Speed 256K E2PROM 
wtth Extended 
Endurance 
2-159 


AT28HC256F 
32Kx 
8 
High Speed 256K E2PROM 
wtth Fast Write 
2-159 


AT28HC256l 
32K x 8 
High Speed, 
low 
Power 256K E2PROM 
2-159 


AT28HC256lE 
32Kx 
8 
High Speed, 
low 
Power 256K E2PROM 
wtth Extended 
Endurance 
2-159 


AT28HC256lF 
32K x 8 
High Speed, 
low 
Power 256K E2PROM 
wtth Fast Write 
2-159 


AT28HC64 
8Kx 
8 
High Speed 64K E2PROM 
with 32-Byte 
Page 
2-103 


AT28HC64E 
8Kx 
8 
High Speed 64K ePROM 
with Extended 
Endurance 
2-103 


AT28HC64l 
8Kx 
8 
High Speed, 
low 
Power 64K E2PROM 
2-103 


AT28HC64lE 
8Kx 
8 
High Speed, 
low 
Power 64K ePROM 
wtth Extended 
Endurance 
2-103 


AT28lV64 
8Kx 
8 
low 
Voltage 
64K E2PROM 
2-115 


AT28MC020 
256Kx 
8 
2-Mbit 
E2PROM 
Module 
2-195 


AT28MC040 
512Kx8 
4-Mbit 
E2PROM 
Module 
2-205 


AT28PC64 
8Kx 
8 
64K E2PROM 
wtth 32-Byte 
Page Mode Write 
2-135 


AT28PC64E 
8Kx 
8 
64K E2PROM 
with 32-Byte 
Page Mode Wrtte with Extended 
Endurance 
2-135 


Part No. 
Organization 
Description 
Page No. 


AT29C010 
128K x 8 
1-Mbit, 5- Vo~ Reprogram 
mabie ROM 
3-63 


AT29C040 
512Kx8 
4-Mbit. 5-Vo~ Reprogrammable 
ROM 
3-87 


AT29C256 
32K x 8 
256K, 5-Volt Reprogrammable 
ROM 
3-3 


AT29C257 
32K x 8 
256K. 5-Volt Reprogrammable 
ROM 
3-27 


AT29C512 
64K x 8 
512K. 5-Vo~ Reprogrammable 
ROM 
3-39 


AT29LV010 
128K x 8 
1-Mbit, 3-Vo~ Reprogrammable 
ROM 
3-77 


AT29LV040 
512Kx8 
4-Mbit, 3-Vo~ Reprogrammable 
ROM 
3-89 


AT29LV256 
32K x 8 
256K, 3-Vo~ Reprogrammable 
ROM 
3-17 


AT29LV512 
64K x 8 
512K, 3-Vo~ Reprogrammable 
ROM 
3-53 
~ 


Part No. 
Organization 
Description 
Page No. 


AT27C010 
128Kx 
8 
1-Mbit EPROM 
4-43 


AT27C010L 
128Kx 
8 
Low Power 
1-Mbit EPROM 
4-43 


AT27C040 
512Kx8 
4-Mbit EPROM 
4-87 


AT27C1024 
64K x 16 
1-Mbit EPROM 
4-63 


AT27C256R 
32K x 8 
256KEPROM 
4-3 


AT27C512R 
64K x 8 
512KEPROM 
4-27 


AT27HC1024 
64K x 16 
High-Speed 
1-Mbit EPROM 
4-71 


AT27HC256R 
32K x 8 
High-Speed 
256K EPROM 
4-21 


AT27LV010 
128Kx 
8 
1-Mbit, 3·Vo~ EPROM 
4·55 


AT27LV040 
512Kx8 
4-Mbit, 3-Vo~ EPROM 
4-95 


AT27LV1024 
64K x 16 
1-Mbit, 3-Vo~ EPROM 
4-79 


AT27LV256R 
32K x 8 
256K, 3-Volt EPROM 
4-13 


AT27LV512R 
64K x 8 
512K, 3-Volt EPROM 
4-35 


Part No. 
Organization 
Description 
Page No. 


AT27HC641R 
8Kx 
8 
High Speed 64K Reprogrammable 
[UVjPROM 
5-19 


AT27HC642R 
8Kx 
8 
High Speed 64K Reprogrammable 
[UV]PROM 
5-19 


AT28HC191 
2Kx 
8 
High Speed 16K Reprogrammable 
[E2jPROM 
5-3 


AT28HC191L 
2Kx 
8 
High Speed, 
Low Power 
16K Reprogrammable 
[E2jPROM 
5-3 


AT28HC291 
2Kx 
8 
High Speed 16K Reprogrammable 
[E2jPROM 
5-11 


AT28HC291L 
2Kx 
8 
High Speed, 
Low Power 
16K Reprogrammable 
[E2jPROM 
5-11 
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Part No. 
Organization 
Description 
Page No. 


AT3864L 
8Kx 
8 
64KSRAM 
6-3 


AT3864L-15DMB 
8Kx 
8 
64K SRAM, 
Full Mil~ary Temperature 
6-11 


AT38H256 
32K x 8 
256KSRAM 
6-19 


AT38LV256 
32K x 8 
Low Voltage, 
256K SRAM 
6-27 


Part No. 
Package 
Description 
Page No. 


AT18V8Z 
20-Pin 
8 FFs, 8 1/0 Pins 
7-3 


AT22LV10 
24-Pin 
10 FFs, 10 1/0 Pins, Low Vo~age 
7-45 


AT22LV10L 
24-Pin 
10 FFs, 10110 Pins, Low Vo~age & Low Power 
7-45 


AT22Vl0 
24-Pin 
10 FFs, 10 110 Pins 
7-19 


AT22Vl0B 
24-Pin 
10 FFs, 10 1/0 Pins, High Speed 
7-35 


AT22Vl0L 
24-Pin 
10 FFs, 10 1/0 Pins, Low Power 
7-19 


ATV2500H 
40-Pin 
48 FFs, 24 1/0 Pins 
7-83 


ATV2500L 
40-Pin 
48 FFs, 24 VO Pins, Low Power 
7-83 


ATV2500LV 
40-Pin 
48 FFs, 24 va Pins, Low Vo~age 
7-101 


ATV2500LVL 
40-Pin 
48 FFs, 24 1/0 Pins, Low Vo~age & Low Power 
7-101 


ATV3000 
68-Pin 
56 FFs, 56 1/0 Pins, High Throughput 
7-165 


ATV3000L 
68-Pin 
56 FFs, 56 VO Pins, High Throughput, 
Low Power 
7-165 


ATV5000 
68-Pin 
128 FFs, 52 110 Pins 
7-103 


ATV5000L 
68-Pin 
128 FFs, 52 1/0 Pins, Low Power 
7-103 


ATV51 00 
68-Pin 
128 FFs, 52 1/0 Pins 
7-131 


ATV5100L 
68-Pin 
128 FFs, 52110 Pins, Low Power 
7-131 


ATV750 
24-Pin 
20 FFs, 10 1/0 Pins 
7-59 


ATV750L 
24-Pin 
20 FFs, 10 va Pins, Low Power 
7-59 


ATV750LV 
24-Pin 
20 FFs, 10 1/0 Pins, Low Vo~age 
7-81 


ATV750LVL 
24-Pin 
20 FFs, 10 1/0 Pins, Low Vo~age 
& Low Power 
7-81 


• 
Part No. 
Gates 
Description 
Page No. 


ATL4 
4K 
1.0-Micron 
CMOS Gate Array, 3.3-Vok 
& 5.0-Vok 
Operation 
8-3 


ATL7C 
7K 
1.0-Micron 
CMOS Gate Array, 3.3-Vok 
& 5.0-Vok 
Operation 
8-3 


ATL10 
10K 
1.0-Micron 
CMOS Gate Array, 3.3-Vok 
& 5.0-Vok 
Operation 
8-3 


ATL10C 
10K 
1.0-Micron 
CMOS Gate Array, 3.3-Vok 
& 5.0-Vok 
Operation 
8-3 


ATl15C 
15K 
1.0-Micron 
CMOS Gate Array, 3.3-Vok 
& 5.0-Vok 
Operation 
8-3 


ATl20 
22K 
1.0-Micron 
CMOS Gate Array, 3.3-Vok 
& 5.0-Vok 
Operation 
8-3 


ATl20C 
22K 
1.0-Micron 
CMOS Gate Array, 3.3-Vok 
& 5.0-Vok 
Operation 
8-3 


ATL35C 
35K 
1.0-Micron 
CMOS Gate Array, 3.3-Vok 
& 5.0-Vok 
Operation 
8-3 


ATL40 
40K 
1.0-Micron 
CMOS Gate Array, 3.3-Vok 
& 5.0-Vok 
Operation 
8-3 


ATL55C 
55K 
1.0-Micron 
CMOS Gate Array, 3.3-Vok 
& 5.0-Vok 
Operation 
8-3 


ATL60 
57K 
1.0-Micron 
CMOS Gate Array, 3.3-Vok 
& 5.0-Vok 
Operation 
8-3 


ATL75 
72K 
1.0-Micron 
CMOS Gate Array, 3.3-Vok 
& 5.0-Vok 
Operation 
8-3 


ATL75C 
75K 
1.0-Micron 
CMOS Gate Array, 3.3-Von & 5.0-Vok 
Operation 
8-3 
ATl100 
95K 
1.0-Micron 
CMOS Gate Array, 3.3-Vok 
& 5.0-Vok 
Operation 
8-3 
ATL130 
131K 
1.0-Micron 
CMOS Gate Array, 3.3-Vok 
& 5.0-Von 
Operation 
8-3 


ATL160 
157K 
1.0-Micron 
CMOS Gate Array, 3.3-Von 
& 5.0-Vok 
Operation 
8-3 
ATL80/14 
14K 
O.8-Micron 
CMOS Gate Array, 3.3-Vok 
& 5.0-Vok 
Operation 
8-15 
ATL80/25 
23K 
O.8-Micron 
CMOS Gate Array, 3.3-Vok 
& 5.0-Von Operation 
8-15 
ATL80135 
35K 
O.8-Micron 
CMOS Gate Array, 3.3-Von 
& 5.0-Von Operation 
8-15 
ATL80/60 
61K 
O.8-Micron 
CMOS Gate Array, 3.3-Von 
& 5.0-Von Operation 
8-15 


ATL80/90 
87K 
O.8-Micron 
CMOS Gate Array, 3.3-Von 
& 5.0-Von Operation 
8-15 


ATL80/140 
140K 
O.8-Micron 
CMOS Gate Array, 3.3-Von 
& 5.0-Von Operation 
8-15 
ATL80/200 
194K 
O.8-Micron 
CMOS Gate Array, 3.3-Von 
& 5.0-Von 
Operation 
8-15 
ATL80/250 
242K 
O.8-Micron 
CMOS Gate Array, 3.3-Von 
& 5.0-Von 
Operation 
8-15 
ATL80/300 
296K 
O.8-Micron 
CMOS Gate Array, 3.3-Von 
& 5.0-Von Operation 
8-15 
ATL80/425 
422K 
O.8-Micron 
CMOS Gate Array, 3.3-Von 
& 5.0-Von Operation 
8-15 
ATL80/550 
580K 
O.8-Micron 
CMOS Gate Array, 3.3-Von & 5.0-Von Operation 
8-15 


Part No. 
Speeds 
Description 
Page No. 


AT40206 
8 MHz 
Integrated 
Peripheral 
Controller 
for PC/AT 
9-29 


AT40281 
16-40 MHz 
80386SX 
PC/AT Core logic 
Controller, 
with Posted-Write 
Cache 
9-21 


AT40283 
16-33 MHz 
80386SX 
PC/AT Core logic 
Controller 
9-25 


AT40391B 
25-40 
MHz 
80386DX 
PC/AT System 
& Cache Controller 
9-3 


AT40392 
25-40 MHz 
80386DX 
PC/AT Chip Set Memory 
Controller 
9-3,9-9, 
9-15 


AT40493 
25-50 
MHz 
80486 PC/AT System 
& Cache Controller 
9-9 


AT40495 
25-50 MHz 
80486SX 
PC/AT System 
& Cache Controller 
9-15 


AT40498 
25-50 MHz 
80486 Core logic 
Controller 
9-17 


AT40957 
33-66 
MHz 
EISAIISA 
PC/AT 
Integrated 
System 
Peripheral 
9-37 


AT40958 
33-66 
MHz 
EISAIISA 
PC/AT Bus Controller 
& Data Buffer 
9-37 


AT40959 
33-66 MHz 
EISAIISA 
PC/AT DRAM & Cache Controller 
9-37 


AT43216 
40 MHz 
Single-Chip 
Fast SCSI Controller 
9-33 


Part No. 
Memory 
Size 
Description 
Page No. 


AT24C01 
1K 
2-Wire, 
Serial E2PROM 
10-3 


AT24C02 
2K 
2-Wire, 
Serial 
E2PROM 
10-3 


AT24C04 
4K 
2-Wire, 
Serial E2pROM 
10-3 


AT24C08 
8K 
2-Wire, 
Serial E2PROM 
10-3 


AT24C16 
16K 
2-Wire, 
Serial E2PROM 
10-3 


AT88SC06 
104x 
1 
104-Bit Serial E2pROM 
with Security 
10-7 


AT88SC54C 
16Kx 
8 
80C31 
Microprocessor 
with 16K E2PROM 
with Public Key Math 
10-31 


Coprocessor 


AT88SC101 
1024 x 1 
1K Serial E2pROM 
with Security, 
1 Memory 
Zone, 
1024 Bits 
10-15 


AT88SC102 
1024x 
1 
1K Serial E2PROM 
with Security, 
2 Memory 
Zones, 512 Bits Each 
10-15 


AT88SC200 
2048 x 1 
2K Serial E2PROM 
with Gate Array 
10-27 


AT93C46 
1K 
2-Wire, 
Serial E2PROM 
10-5 


AT93C56 
2K 
2-Wire, 
Serial E2PROM 
10-5 


AT93C57 
2K 
2-Wire, 
Serial E2PROM 
10-5 


AT93C66 
4K 
2-Wire, 
Serial E2PROM 
10-5 


RF IDASICs 
Analog, 
Digital, & Memory 
on Single-Chip 
ASIC 
10-39 


Part No. 
Frequency 
Description 
Page No. 


AT76C10 
4kHz 
Programmable 
Phone Line Equalizer 
11-3 


AT76C10E 
4kHz 
Programmable 
Phone Line Equalizer 
with On-Board 
E2pROM 
11-11 


AT76C120 
96 kHz 
Dual Channel 
16/18-Bit 
AID Converter 
11-19 


AT76C176 
66 MHz 
Triple 6-Bit Color Palette 
DAC 
11-31 


AT76C176A 
40-66 MHz 
Triple 6-Bit Color Palette DAC with Power-Down 
11-43 


Part No. 
Memory 
Size 
Description 
Page No. 


AT89C51 
4Kx8 
80C31 
Microcontroller 
with 4K Bytes PEROM 
12-3 
• 
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Part No. 
Organization 
Speeds 
Description 
Page No. 


AT24C01 
128x 
8 
10ms 
2-Wire. 
1K Serial E2PROM 
2-3 


AT24C01A 
128x 
8 
10ms 
2-Wire. 
1K Serial E2PROM 
2-13 


AT24C02 
256 x 8 
10 ms 
2-Wire. 
2K Serial E2PROM 
2-13 


AT24C02N 
256 x 8 
10 ms 
2-Wire, 
2K Serial E2PROM 
2-13 


AT24C04 
512x 
8 
10ms 
2-Wire, 
4K Serial E2PROM 
2-13 


AT24C04N 
512 x 8 
10ms 
2-Wire, 
4K Serial E2PROM 
2-13 


AT24C08 
1024x 
8 
10ms 
2-Wire. 
8K Serial E2PROM 
2-13 


AT24C08N 
1024 x 8 
10 ms 
2-Wire. 
8K Serial E2PROM 
2-13 


AT24C16 
2048 x 8 
10 ms 
2-Wire. 
16K Serial E2PROM 
2-13 


AT24C16N 
2048 x 8 
10 ms 
2-Wire. 
16K Serial E2PROM 
2-13 


AT24Cl64 
2048 x 8 
10 ms 
2-Wire, 
16K Serial E2PROM 
2-27 


AT93C46 
64 x 16/128 
x 8 
10ms 
3-Wire, 
1K Serial E2PROM 
2-37 


AT93C46R 
64x 
16/128x8 
10ms 
3-Wire, 
1K Serial E2PROM, 
Rotated 
2-37 


AT93C46W 
64x 
16/128x8 
10ms 
3-Wire, 
1K Serial E2PROM. 
EIAJ 
2-37 


AT93C56 
128 x 16/256 
x 8 
10 ms 
3-Wire. 
2K Serial E2PROM 
2-37 


AT93C56W 
128x16/256x8 
10ms 
3-Wire, 
2K Serial E2PROM, 
EIAJ 
2-37 


AT93C57 
128 x 16/256 
x 8 
10 ms 
3-Wire. 
2K Serial E2PROM 
2-37 


AT93C57W 
128 x 16/256 
x 8 
10 ms 
3-Wire, 
2K Serial E2PROM, 
EIAJ 
2-37 


AT93C66 
256x16/512x8 
10ms 
3-Wire, 
4K Serial E2PROM 
2-37 


AT93C66W 
256x16/512x8 
10 ms 
3-Wire, 
4K Serial E2PROM, 
EIAJ 
2-37 


AT59C11 
64x16/128x8 
10 ms 
4-Wire, 
1K Serial E2PROM 
2-51 


AT59C11W 
64x 
16/128x8 
10 ms 
4-Wire, 
1K Serial E2PROM, 
EIAJ 
2-51 


AT59C22 
128 x 16/256 
x 8 
10ms 
4-Wire, 
2K Serial E2PROM 
2-51 


AT59C22W 
128 x 16/256 
x 8 
10ms 
4-Wire, 
2K Serial E2PROM. 
EIAJ 
2-51 


AT59C13 
256 x 16/512 
x 8 
10ms 
4-Wire, 
4K Serial E2PROM 
2-51 


AT59C13W 
256 x 16/512 
x 8 
10ms 
4-Wire, 
4K Serial E2PROM, 
EIAJ 
2-51 
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Part No. 
Organization 
Speeds 
Description 
Page No. 


AT28HC64 
8Kx 
8 
55-120 
ns 
64K E2PROM 
with 32-Byte 
Page 
2-103 


AT28HC64E 
8Kx 
8 
55-120 
ns 
64K E2PROM 
with Extended 
Endurance 
2-103 


AT28HC64L 
8Kx 
8 
70-120 
ns 
Low Power 64K E2PROM 
2-103 


AT28HC64LE 
8Kx 
8 
70-120 
ns 
Low Power 64K E2PROM 
with Extended 
Endurance 
2-103 


AT28HC256 
32K x 8 
70-120 
ns 
256K E2PROM 
with 64-Byte 
Page & Software 
Data Protection 
2-159 


AT28HC256E 
32K x 8 
70-120 
ns 
256K E2PROM 
with Extended 
Endurance 
2-159 


AT28HC256F 
32K x 8 
70-120 
ns 
256K E2PROM 
with Fast Write 
2-159 


AT28HC256L 
32K x 8 
90-120 
ns 
Low Power 256K E2PROM 
2-159 


AT28HC256LE 
32K x 8 
90-120 
ns 
Low Power 256K E2PROM 
with Extended 
Endurance 
2-159 


AT28HC256LF 
32K x 8 
90-120 
ns 
Low Power 256K E2PROM 
with Fast Write 
2-159 


Part No. 
Organization 
Speeds 
Description 
Page No. 


AT28C04 
512x 
8 
150-250 
ns 
4K E2PROM 
2-63 


AT28C04E 
512x 
8 
150-250 
ns 
4K E2PROM 
with Extended 
Endurance 
2-63 


AT28C04F 
512x 
8 
150-250 
ns 
4K E2PROM 
with Fast Write 
2-63 


AT28C16 
2Kx 
8 
150-250 
ns 
16KE2PROM 
2-71 


AT28C16E 
2Kx 
8 
150-250 
ns 
16K E2PROM 
with Extended 
Endurance 
2-71 


AT28C16F 
2Kx 
8 
150-250 
ns 
16K E2PROM 
with Fast Write 
2-71 


AT28C17 
2Kx 
8 
150-250 
ns 
16K E2PROM 
2-81 


AT28C17E 
2Kx 
8 
150-250 
ns 
16K E2PROM 
with Extended 
Endurance 
2-81 


AT28C17F 
2Kx 
8 
150-250 
ns 
16K E2PROM 
with Fast Write 
2-81 


AT28C64 
8Kx 
8 
150-350 
ns 
64K E2PROM 
2-91 


AT28C64E 
8Kx 
8 
150-350 
ns 
64K E2PROM 
with Extended 
Endurance 
2-91 


AT28C64F 
8Kx 
8 
150-350 
ns 
64K E2PROM 
with Fast Write 
2-91 


AT28C64X 
8Kx 
8 
150-450 
ns 
64K E2PROM 
without 
Ready-Busy 
2-91 


AT28LV64 
8Kx 
8 
200-300 
ns 
Low Voltage 
64K E2PROM 
2-115 


AT28C64B 
8Kx 
8 
150-250 
ns 
64K E2PROM 
with 64-Byte 
Page & Software 
Data Protection 
2-123 


AT28PC64 
8Kx 
8 
150-350 
ns 
64K E2PROM 
with Page Mode Write 
2-135 


AT28PC64E 
8Kx 
8 
150-350 
ns 
64K E2PROM 
with Page Mode Write & Extended 
Endurance 
2-135 


AT28C256 
32K x 8 
150-350 
ns 
256K E2PROM 
with 64-Byte 
Page & Software 
Data Protection 
2-147 


AT28C256E 
32K x 8 
150-350 
ns 
256K E2PROM 
with Extended 
Endurance 
2-147 


AT28C256F 
32K x 8 
150-350 
ns 
256K E2PROM 
with Fast Write 
2-147 


AT28C1024 
64K x 16 
120-250 
ns 
1-Mbit E2PROM 
2-173 


AT28C010 
128Kx 
8 
120-250 
ns 
1-Mbit E2PROM 
with 128-Byte 
Page 
2-183 


AT28C010E 
128Kx 
8 
120-250 
ns 
1-Mbit E2PROM 
with 128-Byte 
Page & Extended 
Endurance 
2-183 


AT28MC020 
256Kx 
8 
150-250 
ns 
2-Mbit E2PROM 
Module 
2-195 


AT28MC040 
512Kx 
8 
150-250 
ns 
4-Mbit 
E2PROM 
Module 
2-195 


Part No. 
Organization 
Speeds 
Description 
Page No. 


AT29C256 
32K x 8 
90-250 
ns 
256K, 5-Vott Reprogrammable 
ROM 
3-3 


AT29LV256 
32K x 8 
200-250 
ns 
256K, 3-Vott Reprogrammable 
ROM 
3-17 


AT29C257 
32K x 8 
90-250 
ns 
256K, 5-Vott Reprogrammable 
ROM 
3-27 


AT29C512 
64K x 8 
90-200 
ns 
512K, 5-Vott Reprogrammable 
ROM 
3-39 


AT29LV512 
64Kx 
8 
200-250 
ns 
512K, 3-Vott Reprogrammable 
ROM 
3-53 


AT29C010 
128Kx 
8 
90-200 
ns 
1-Mbit, 5- Vott Reprogram 
mabie ROM 
3-63 


AT29LV010 
128Kx 
8 
200-250 
ns 
1-Mbit, 3-Vott Reprogrammable 
ROM 
3-77 


AT29C040 
512Kx8 
120-250 
ns 
4-Mbit, 5-Vott Reprogrammable 
ROM 
3-87 


AT29LV040 
512K x 8 
250 ns 
4-Mbit, 3-Vott Reprogrammable 
ROM 
3-89 


Part No. 
Organization 
Speeds 
Description 
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AT27HC256R 
32K x 8 
55-70 ns 
256K EPROM 
4-21 


AT27HC1024 
64K x 16 
55-90 ns 
1-Mbit EPROM 
4-71 


Part No. 
Organization 
Speeds 
Description 
Page No. 


AT27C256R 
32K x 8 
70-250 
ns 
256KEPROM 
4-3 


AT27C512R 
64K x 8 
90-250 
ns 
512KEPROM 
4-27 


AT27C1024 
64K x 16 
100-250 
ns 
1-Mbit EPROM 
4-63 


AT27C010 
128K x 8 
100-250 
ns 
1-Mbit EPROM 
4-43 


AT27C010L 
128Kx 
8 
100-250 
ns 
Low Power 
1-Mbit EPROM 
4-43 


AT27C040 
512K x 8 
100-200 
ns 
4-Mbit EPROM 
4-87 


Part No. 
Organization 
Speeds 
Description 
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AT27LV256R 
32K x 8 
200-250 
ns 
256K 3-Volt EPROM 
4-13 


AT27LV512R 
64K x 8 
200-250 
ns 
512K 3-Volt EPROM 
4-35 


AT27LV1024 
64K x 16 
250-300 
ns 
1-Mbit, 3-Vott EPROM 
4-79 


AT27LV010 
128Kx 
8 
250-300 
ns 
1-Mbit, 3-Vott EPROM 
4-55 


AT27LV040 
512Kx8 
200-300 
ns 
4-Mbit, 3-Vott EPROM 
4-95 


AlmEL 


• 


AlmEL 


Part No. 
Organization 
Speeds 
Description 
Page No. 


AT28HC191 
2Kx 
8 
35-55 
ns 
High Speed 16K Reprogrammable 
[E2IPROM 
5-3 


AT28HC191L 
2Kx 
8 
45-55 ns 
High Speed, 
Low Power 
16K Reprogrammable 
[E2IPROM 
5-3 


AT28HC291 
2Kx 
8 
35-55 ns 
High Speed 16K Reprogrammable 
[E2IPROM 
5-11 


AT28HC291L 
2Kx 
8 
45-55 ns 
High Speed, 
Low Power 
16K Reprogrammable 
[E2IPROM 
5-11 


AT27HC641R 
8Kx 
8 
35-90 ns 
High Speed 64K Reprogrammable 
[UV]PROM 
5-19 


AT27HC642R 
8Kx 
8 
35-90 ns 
High Speed 64K Reprogrammable 
[UV]PROM 
5-19 


Part No. 
Organization 
Speeds 
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AT3864L 
8Kx 
8 
100-150 
ns 
64KSRAM 
6-3 


AT3864L-15DMB 
8Kx 
8 
150 ns 
64K SRAM, 
Full Military Temperature 
6-11 


AT38H256 
32K x 8 
20-35 ns 
256KSRAM 
6-19 


AT38LV256 
32K x 8 
70-120 
ns 
Low Voltage, 
256K SRAM 
6-27 


Part No. 
Speeds 
Description 
Page No. 


AT18V8Z 
25-40 ns 
25-Pin 
Package, 
8 FFs, 8 110 Pins 
7-3 


AT22Vl0 
15-35 ns 
24-Pin 
Package, 
10 FFs, 10110 
Pins 
7-19 


AT22Vl0L 
20-35 ns 
24-Pin 
Package, 
10 FFs, 10 1/0 Pins, Low Power 
7-19 


AT22LV10 
20-30 ns 
24-Pin 
Package, 
10 FFs, 10 1/0 Pins, Low Voitage 
7-45 


AT22LV10L 
25-35 ns 
24-Pin 
Package, 
10 FFs, 10110 
Pins, Low Voitage 
& Low Power 
7-45 


AT22Vl0B 
7.5-12 
ns 
24-Pin 
Package, 
10 FFs, 10 1/0 Pins, High Speed 
7-35 


ATV750 
20-40 ns 
24-Pin 
Package, 
20 FFs, 10110 Pins 
7-59 


ATV750L 
25-30 ns 
24-Pin 
Package, 
20 FFs, 10 110 Pins, Low Power 
7-59 


ATV750LV 
20-30 ns 
24-Pin 
Package, 
20 FFs, 10 110 Pins, Low Voitage 
7-81 


ATV750LVL 
30-35 ns 
24-Pin 
Package, 
20 FFs, 10 110 Pins, Low Voitage 
& Low Power 
7-81 


ATV2500H 
25-35 ns 
40-Pin 
Package, 
48 FFs, 24 110 Pins 
7-83 


AT2500LV 
25-35 
ns 
40-Pin 
Package, 
48 FFs, 24 110 Pins, Low Voitage 
7-101 


AT2500LVL 
30-40 ns 
40-Pin 
Package, 
48 FFs, 24 1/0 Pins, Low Voitage 
& Low Power 
7-101 


ATV2500L 
30-45 ns 
40-Pin 
Package, 
48 FFs, 24 1/0 Pins, Low Power 
7-83 


ATV5000 
25-35 ns 
68-Pin Package, 
128 FFs, 52 1/0 Pins 
7-114 


ATV5000L 
30-35 ns 
68-Pin Package, 
128 FFs, 52 110 Pins, Low Power 
7-114 


ATV51 00 
25-35 
ns 
68-Pin 
Package, 
128 FFs, 52 1/0 Pins 
7-131 


ATV5100L 
30-35 
ns 
68-Pin 
Package, 
128 FFs, 52 1/0 Pins, Low Power 
7-131 


ATV3000 
15-25 ns 
68-Pin 
Package, 
56 FFs, 56 1/0 Pins, High Throughput 
7-165 


ATV3000L 
20-25 ns 
68-Pin 
Package, 
56 FFs, 56 110 Pins, High Throughput, 
Low Power 
7-165 


Part No. 
Gates 
Description 
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ATL4 
4K 
1.0-Micron 
CMOS Gate Array, 3.3-Yolt 
& 5.0-Yolt 
Operation 
8-3 


ATL10 
10K 
1.0-Micron 
CMOS Gate Array, 3.3-Yolt 
& 5.0-Yolt 
Operation 
8-3 


ATL20 
22K 
1.0-Micron 
CMOS Gate Array, 3.3-Yolt 
& 5.0-Yolt 
Operation 
8-3 


ATL40 
40K 
1.0-Micron 
CMOS Gate Array, 3.3-Yolt 
& 5.0-Yolt 
Operation 
8-3 


ATL60 
57K 
1.0-Micron 
CMOS Gate Array, 3.3-Yolt 
& 5.0-Yolt 
Operation 
8-3 


ATL75 
12K 
1.0-Micron 
CMOS Gate Array, 3.3-Yolt 
& 5.0-Yolt 
Operation 
8-3 


ATL100 
95K 
1.0-Micron 
CMOS Gate Array, 3.3-Yolt 
& 5.0-Yolt 
Operation 
8-3 


ATL130 
131K 
1.0-Micron 
CMOS Gate Array, 3.3-Yolt 
& 5.0-Yolt 
Operation 
8-3 


ATL160 
157K 
1.0-Micron 
CMOS Gate Array, 3.3-Yolt 
& 5.0-Yolt 
Operation 
8-3 


ATL7C 
7K 
1.0-Micron 
CMOS Gate Array, 3.3-Yolt 
& 5.0-Yolt 
Operation 
8-3 


ATL10C 
10K 
1.0-Micron 
CMOS Gate Array, 3.3-Yolt 
& 5.0-Yolt 
Operation 
8-3 


ATL15C 
15K 
1.0-Micron 
CMOS Gate Array, 3.3-Yolt 
& 5.0-Yolt 
Operation 
8-3 


ATL20C 
22K 
1.0-Micron 
CMOS Gate Array, 3.3-Yolt 
& 5.0-Yolt 
Operation 
8-3 


ATL35C 
35K 
1.0-Micron 
CMOS Gate Array, 3.3-Yolt 
& 5.0-Yolt 
Operation 
8-3 


ATL55C 
55K 
1.0-Micron 
CMOS Gate Array, 3.3-Yolt 
& 5.0-Yolt 
Operation 
8-3 


ATL75C 
75K 
1.0-Micron 
CMOS Gate Array, 3.3-Yolt 
& 5.0-Yolt 
Operation 
8-3 


ATL80/14 
14K 
D.8-Micron 
CMOS Gate Array, 3.3-Yolt 
& 5.0-Yolt 
Operation 
8-15 


ATL80/25 
23K 
O.8-Micron 
CMOS Gate Array, 3.3-Yolt 
& 5.0-Yolt 
Operation 
8-15 


ATL80135 
35K 
O.8-Micron 
CMOS Gate Array, 3.3-Yolt 
& 5.0-Yolt 
Operation 
8-15 


ATL80/60 
61K 
O.8-Micron 
CMOS Gate Array, 3.3-Yolt 
& 5.0-Yolt 
Operation 
8-15 


ATL8D/90 
87K 
O.8-Micron 
CMOS Gate Array, 3.3-Yolt 
& 5.0-Yolt 
Operation 
8-15 


ATL80/140 
140K 
O.8-Micron 
CMOS Gate Array, 3.3-Yolt 
& 5.0-Yolt 
Operation 
8-15 


ATL80/200 
194K 
O.8-Micron 
CMOS Gate Array, 3.3-Yolt 
& 5.0-Yolt 
Operation 
8-15 


ATL80/250 
242K 
D.8-Micron 
CMOS Gate Array, 3.3-Yolt 
& 5.0-Yolt 
Operation 
8-15 


ATL80/300 
296K 
O.8-Micron 
CMOS Gate Array, 3.3-Yolt 
& 5.0-Yolt 
Operation 
8-15 


ATL80/422 
422K 
O.8-Micron 
CMOS Gate Array, 3.3-Yolt 
& 5.0-Yolt 
Operation 
8-15 


ATL80/580 
580K 
O.8-Micron 
CMOS Gate Array, 3.3-Yolt 
& 5.0-Yolt 
Operation 
8-15 


AlmlL 


• 


AlmEL 


Part No. 
Speeds 
Description 
Page No. 


AT40206 
8 MHZ 
Integrated 
Peripheral 
Controller 
for PCtAT 
9-29 


AT40281 
16-40 MHz 
80386SX 
PCtAT Core Logic Controller, 
with Posted-Write 
Cache 
9-21 


AT40283 
16-33 MHz 
80386SX 
PCtAT Core Logic Controller 
9-25 


AT40391B 
25-40 MHz 
80386DX 
PCtAT System 
& Cache Controller 
9-3 


AT40392 
25-50 MHz 
80386DX 
PCtAT Memory 
Controller 
9-3,9-9, 
9-15 


AT40493 
25-50 MHz 
80486 PCtAT System 
& Cache Controller 
9-9 


AT40495 
25-50 MHZ 
80486SX 
PCtAT System 
& Cache Controller 
9-15 


AT40498 
25-50 MHz 
80486 Core Logic Controller 
9-17 


AT40957 
33-66 
MHz 
EISAIISA 
PCtAT 
Integrated 
System 
Peripheral 
9-37 


AT40958 
33-66 MHz 
EISAIISA 
PCtAT Bus Controller 
& Data Buffer 
9-37 


AT40959 
33-66 MHz 
EISAIISA 
PCtAT DRAM & Cache Controller 
9-37 


AT43216 
40 MHz 
Single-Chip 
Fast SCSI Controller 
9-33 


Part No. 
Memory 
Size 
Description 
Page No. 


AT24C01 
1K 
2-Wire, 
Serial E2pROM 
10-3 


AT24C02 
2K 
2-Wire, 
Serial E2pROM 
10-3 


AT24C04 
4K 
2-Wire, 
Serial E2pROM 
10-3 


AT24C08 
8K 
2-Wire, 
Serial E2pROM 
10-3 


AT24C16 
16K 
2-Wire, 
Serial E2pROM 
10-3 


AT93C46 
1K 
2-Wire, 
Serial E2pROM 
10-5 


AT93C56 
2K 
2-Wire, 
Serial E2pROM 
10-5 


AT93C57 
2K 
2-Wire, 
Serial E2pROM 
10-5 


AT93C66 
4K 
2-Wire, 
Serial E2pROM 
10-5 


AT88SC06 
104x 
1 
104-Bit Serial E2pROM 
with Security 
10-7 


AT88SC101 
1024x 
1 
1K Serial E2pROM 
with Security, 
1 Memory 
Zone, 
1024 Bits 
10-15 


AT88SC102 
1024x 
1 
1K Serial E2pROM 
with Security, 
2 Memory 
Zones, 512 Bits Each 
10-15 


AT88SC200 
2048 x 1 
2K Serial E2pROM 
with Gate Array 
10-27 


AT88SC54C 
16K x 8 
80C31 
Microprocessor 
with 16K E2pROM 
with Public Key Math 
10-31 


Coprocessor 


RF 10 ASICs 
Analog, 
Digital, & Memory 
on Single-Chip 
ASIC 
10-39 


Part No. 
Frequency 
Description 
Page No. 


AT76C10 
4kHz 
Programmable 
Phone Line Equalizer 
11-3 


AT76C10E 
4kHz 
Programmable 
Phone Line Equalizer 
with On-Board 
E2pROM 
11-11 


AT76C176 
40-66 MHz 
Triple 6-Bit Color Palette 
DAC 
11-31 


AT76C176A 
50-135 
MHz 
Triple 6-Bit Color Palette 
DAC with Power-Down 
11-43 


AT76C120 
96 kHz 
Dual Channel 
16118-Bit AID Converter 
11-19 


Part No. 
Memory 
Size 
Description 
Page No. 


AT89C51 
4Kx 
8 
80C31 
Microcontroller 
with 4K Bytes PEROM 
12-3 


AlmEL 


• 


AlmEL 


AT24C01 
see page 2-3 


Organization: 128 x 8 
Speed 
Voltage 
Package 
Temperature 
IS8 
Ice 
fMAX 
No. of Pins: 
DIP 8, 
(ms) 
P 
5 
W 
Range 
(1lA) 
(1lA) 
(kHz) 
SOlC8 


C 
3.0 
800 
100 
10 
1.8 
• 
• 
10 
1.8 
• 
• 
I 
3.0 
800 
100 


10 
2.5 
• 
• 
C 
4.0 
1000 
100 


10 
2.5 
• 
• 
I 
4.0 
1000 
100 


10 
2.7 
• 
• 
C 
4.0 
1500 
100 


10 
2.7 
• 
• 
I 
4.0 
1500 
100 
10 
5.0 
• 
• 
• 
C 
18.0 
3000 
100 


10 
5.0 
• 
• 
• 
I 
18.0 
3000 
100 


AT24C01A 
see page 2-13 


Organization: 128 x 8 
Speed 
Voltage 
Package 
Temperature 
IS8 
lee 
fMAX 
No. of Pins: 
DIP 8, 
(ms) 
P 
5 
W 
Range 
(1lA) 
(1lA) 
(kHz) 
SOlC8 
C 
3.0 
800 
100 
10 
1.8 
• 
• 
10 
1.8 
• · 
I 
3.0 
800 
100 


10 
2.5 
• 
• 
C 
4.0 
1000 
100 
10 
2.5 
• 
• 
I 
4.0 
1000 
100 
10 
2.7 
• 
• 
C 
4.0 
1500 
100 


10 
2.7 
• 
• 
I 
4.0 
1500 
100 


10 
5.0 
• 
• 
• 
C 
18.0 
3000 
100 


10 
5.0 
• 
• · 
I 
18.0 
3000 
100 


Package 
Type 


P 
8P3, 8 Lead, 0.300" Wide, Plastic Duallnline 
Package (PDIP) 
, 


S 
8S1, 8 Lead, 0.150" Wide, Plastic Gull Wing Small Outline (JEDEC SOIC) 


W 
Die 


Temperature 
Range 


C 
Commercial 
(O°C to 70°C) 


I 
Industrial 
(-40°C to 85°C) 


Voltage 
Range 


1.8 
Low Voltage (1.8 V to 6.0 V) 


2.5 
Low Voltage (2.5 V to 6.0 V) 
) 


2.7 
Low Voltage (2.7 V to 6.0 V) 


5.0 
Standard 
Device (4.5 V to 6.0 V) 


AlmEL 


• 


AlmEL 


AT24C02 
see page 2-13 


Organization: 256 x S 
Speed 
Voltage 
Package 
Temperature 
ISB 
Ice 
'MAX 


No. of Pins: 
DIPS, 
(ms) 
P 
52 
W 
Range 
(!LA) 
(/LA) 
(kHz) 


SOlC14 
10 
1.8 
• 
• 
C 
3.0 
800 
100 


10 
1.8 
• 
• 
I 
3.0 
800 
100 


10 
2.5 
• 
• 
C 
4.0 
1000 
100 


10 
2.5 
• 
• 
I 
4.0 
1000 
100 


10 
2.7 
• 
• 
C 
4.0 
1500 
100 


10 
2.7 
• 
• 
I 
4.0 
1500 
100 


10 
5.0 
• 
• 
• 
C 
18.0 
3000 
100 


10 
5.0 
• 
• 
• 
I 
18.0 
3000 
100 


AT24C02N 
see page 2-13 


Organization: 256 x S 
Speed 
Voltage 
Package 
Temperature 
ISB 
lee 
'MAX 
No. of Pins: 
SOICS 
(ms) 
51 
Range 
(!LA) 
(/LA) 
(kHz) 


10 
1.8 
• 
C 
3.0 
800 
100 


10 
1.8 
• 
I 
3.0 
800 
100 


10 
2.5 
• 
C 
4.0 
1000 
100 


10 
2.5 
• 
I 
4.0 
1000 
100 


10 
2.7 
• 
C 
4.0 
1500 
100 
10 
2.7 
• 
I 
4.0 
1500 
100 


10 
5.0 
· 
C 
18.0 
3000 
100 


10 
5.0 
• 
I 
18.0 
3000 
100 


Package 
Type 


P 
8P3,8 
Lead, 0.300" Wide, Plastic Duallnline 
Package (PDIP) 


Sl 
8S1, 8 Lead, 0.150" Wide, Plastic Gull Wing Small Outline (JEDEC SOIC) 


S2 
14S, 14 Lead, 0.150" Wide, Plastic Gull Wing Small Outline (SOIC) 


W 
Die 


Temperature 
Range 
C 
Commercial 
(O°C to 70°C) 


I 
Industrial 
(-40°C to 85°C) 


Voltage 
Range 


1.8 
Low Voltage (1.8 V to 6.0 V) 


2.5 
Low Voltage (2.5 V to 6.0 V) 


2.7 
Low Voltage (2.7 V to 6.0 V) 


5.0 
Standard 
Device (4.5 V to 6.0 V) 


_______________ 
CMOS E2pROM 


AT24C04 
see page 2-13 


Organization: 512 x a 
Speed 
Voltage 
Package 
Temperature 
19B 
Ice 
fMAX 
No. of Pins: 
DIP a, 
(ms) 
P 
S2 
W 
Range 
(~) 
(l!A) 
(kHz) 
SOlC14 


C 
3.0 
800 
100 
10 
1.8 
• 
• 


10 
1.8 
• 
• 
I 
3.0 
800 
100 
10 
2.5 
• 
• 
C 
4.0 
1000 
100 
10 
2.5 
• 
• 
I 
4.0 
1000 
100 
10 
2.7 
• 
• 
C 
4.0 
1500 
100 


10 
2.7 
• 
• 
I 
4.0 
1500 
100 


10 
5.0 
• 
• 
• 
C 
18.0 
3000 
100 


10 
5.0 
• 
• 
• 
I 
18.0 
3000 
100 
• 


AT24C04N 
see page 2-13 


Organization: 512 x a 
Speed 
Voltage 
Package 
Temperature 
19B 
Ice 
fMAX 
No. of Pins: 
sOlca 
(ms) 
S1 
Range 
(~) 
(l!A) 
(kHz) 


10 
1.8 
• 
C 
3.0 
800 
100 


10 
1.8 
• 
I 
3.0 
800 
100 
10 
2.5 
• 
C 
4.0 
1000 
100 


10 
2.5 
• 
I 
4.0 
1000 
100 


10 
2.7 
• 
C 
4.0 
1500 
100 


10 
2.7 
• 
I 
4.0 
1500 
100 


10 
5.0 
• 
C 
18.0 
3000 
100 


10 
5.0 
• 
I 
18.0 
3000 
100 


Package 
Type 


P 
8P3, 8 Lead, 0.300" Wide, Plastic Duallnline 
Package (PDIP) 


S1 
8S1, 8 Lead, 0.150" Wide, Plastic Gull Wing Small Outline (JEDEC SOIC) 


S2 
14S, 14 Lead, 0.150" Wide, Plastic Gull Wing Small Outline (SOl C) 


W 
Die 


Temperature 
Range 


C 
Commercial 
(O°C to 70°C) 


I 
Industrial 
(-40°C to 85°C) 


I 


Voltage 
Range 


1.8 
Low Voltage (1.8 V to 6.0 V) 


2.5 
Low Voltage (2.5 V to 6.0 V) 


2.7 
Low Voltage (2.7 V to 6.0 V) 


5.0 
Standard 
Device (4.5 V to 6.0 V) 


AlmEL 


AlmEL 


AT24C08 
see page 2-13 


Organization: 1024 x 8 
Speed 
Voltage 
Package 
Temperature 
IS8 
Ice 
'MAX 


No. of Pins: 
DIP 8, 
(ma) 
P 
S2 
W 
Range 
(J.LA) 
(IJ.A) 
(kHz) 


SOlC14 
10 
1.8 
• 
• 
C 
3.0 
800 
100 


10 
1.8 
• 
• 
I 
3.0 
800 
100 


10 
2.5 
• 
• 
C 
4.0 
1000 
100 


10 
2.5 
• 
• 
I 
4.0 
1000 
100 


10 
2.7 
• 
• 
C 
4.0 
1500 
100 


10 
2.7 
• 
• 
I 
4.0 
1500 
100 


10 
5.0 
• 
• 
• 
C 
18.0 
3000 
100 


10 
5.0 
• 
• 
• 
I 
18.0 
3000 
100 


AT24C08N 
see page 2-13 


Organization: 1024 x 8 
Speed 
Voltage 
Package 
Temperature 
IS8 
lee 
'MAX 


No. of Pins: 
SOlC8 
(ma) 
Sl 
Range 
(J.LA) 
(IJ.A) 
(kHz) 


10 
1.8 
• 
C 
3.0 
800 
100 
10 
1.8 
• 
I 
3.0 
800 
100 


10 
2.5 
• 
C 
4.0 
1000 
100 


10 
2.5 
• 
I 
4.0 
1000 
100 


10 
2.7 
• 
C 
4.0 
1500 
100 


10 
2.7 
• 
I 
4.0 
1500 
100 


10 
5.0 
• 
C 
18.0 
3000 
100 


10 
5.0 
• 
I 
18.0 
3000 
100 


Package 
Type 


P 
8P3, 8 Lead, 0.300" Wide, Plastic Duallnline 
Package (PDIP) 


Sl 
8S1, 8 Lead, 0.150" Wide, Plastic Gull Wing Small Outline (JEDEC SOIC) 


S2 
14S, 14 Lead, 0.150" Wide, Plastic Gull Wing Small Outline (SOl C) 


W 
Die 


Temperature 
Range 


C 
I 
Commercial 
(O°C to 70°C) 
I 
I 
Industrial 
(-40°C to 85°C) 
, 


Voltage 
Range 
1.8 
Low Voltage (1.8 V to 6.0 V) 


2.5 
Low Voltage (2.5 V to 6.0 V) 


2.7 
Low Voltage (2.7 V to 6.0 V) 


5.0 
Standard 
Device (4.5 V to 6.0 V) 


_______________ 
CMOS E2pROM 


CMOS Serial E2PROM 
Product 
Selectiol"! Guide 


AT24C16 
see page 2-13 


Organization: 2048 x 8 
Speed 
Voltage 
Package 
Temperature 
ISB 
Ice 
fMAX 
No. of Pins: 
DIP 8, 
(ms) 
P 
S2 
W 
Range 
(I!A) 
(~A) 
(kHz) 
SOIC 14 


10 
1.8 
• 
• 
C 
3.0 
800 
100 


10 
1.8 
• 
• 
I 
3.0 
800 
100 


10 
2.5 
• 
• 
C 
4.0 
1000 
100 


10 
2.5 
• 
• 
I 
4.0 
1000 
100 


10 
2.7 
• 
• 
C 
4.0 
1500 
100 


10 
2.7 
• 
• 
I 
4.0 
1500 
100 


10 
5.0 
• 
• 
• 
C 
18.0 
3000 
100 


10 
5.0 
• 
• 
• 
I 
18.0 
3000 
100 
• 


AT24C16N 
see page 2-13 


Organization: 2048 x 8 
Speed 
Voltage 
Package 
Temperature 
ISB 
lee 
fMAX 
No. of Pins: 
SOlC8 
(ms) 
Sl 
Range 
(I!A) 
(~A) 
(kHz) 


10 
1.8 
• 
C 
3.0 
800 
100 
10 
1.8 
• 
I 
3.0 
800 
100 


10 
2.5 
• 
C 
4.0 
1000 
100 


10 
2.5 
• 
I 
4.0 
1000 
100 


10 
2.7 
• 
C 
4.0 
1500 
100 


10 
2.7 
• 
I 
4.0 
1500 
100 
10 
5.0 
• 
C 
18.0 
3000 
100 


10 
5.0 
• 
I 
18.0 
3000 
100 


Package 
Type 


P 
8P3, 8 Lead, 0.300" Wide, Plastic Duallnline 
Package (PDIP) 


Sl 
8S1, 8 Lead, 0.150" Wide, Plastic Gull Wing Small Outline (JEDEC SOIC) 


S2 
14S, 14 Lead. 0.150" Wide, Plastic Gull Wing Small Outline (SOIC) 


W 
Die 


Temperature 
Range 


C 
Commercial 
(O°C to 70°C) 
I 
Industrial 
(-40°C to 85°C) 


Voltage 
Range 


1.8 
Low Voltage (1.8 V to 6.0 V) 


2.5 
Low Voltage (2.5 V to 6.0 V) 


2.7 
Low Voltage (2.7 V to 6.0 V) 


5.0 
Standard 
Device (4.5 V to 6.0 V) 


AlmEL 


AlmEL 


AT24C164 
see page 2-27 


Organization: 2048 x 8 
Speed 
Voltage 
Package 
Temperature 
IS8 
Ice 
fMAX 
No. of Pins: 
DIP 8, 
(ms) 
P 
51 
Range 
(~) 
(~) 
(kHz) 


SOlC8 
C 
3.0 
800 
100 
10 
1.8 
• 
• 
10 
1.8 
• 
• 
I 
3.0 
800 
100 


10 
2.5 
• 
• 
C 
4.0 
1000 
100 


10 
2.5 
• 
• 
I 
4.0 
1000 
100 


10 
2.7 
• 
• 
C 
4.0 
1500 
100 


10 
2.7 
• 
• 
I 
4.0 
1500 
100 


10 
5.0 
• 
• 
C 
18.0 
3000 
100 


10 
5.0 
• 
• 
I 
18.0 
3000 
100 


Package 
Type 


P 
8P3, 8 Lead, 0.300" Wide, Plastic Duallnline 
Package (PDIP) 


S1 
8S1, 8 Lead, 0.150" Wide, Plastic Gull Wing Small Outline (JEDEC SOl C) 


Temperature 
Range 


C 
Commercial 
(O°C to 70°C) 
I 
Industrial 
(-40°C to 85°C) 


Voltage 
Range 


1.8 
Low Voltage (1.8 V to 6.0 V) 


2.5 
Low Voltage (2.5 V to 6.0 V) 


2.7 
Low Voltage (2.7 V to 6.0 V) 
• 


5.0 
Standard 
Device (4.5 V to 6.0 V) 
CMOS E2pROM 
_ 


AT93C46 
see page 2-37 


Organization: 64 x 16 or 
Speed 
Voltage 
Package 
Temperature 
ISB 
lee 
fMAX 
128 x 8 
(ms) 
P 
S1 
W 
Range 
(~) 
UtA) 
(kHz) 
No. of Pins: 
DIP 8, 
C 
0.1 
40 
250 
SOlC8 
10 
1.8 
• 
• 
10 
1.8 
• 
• 
I 
0.1 
40 
250 
10 
2.5 
• 
• 
C 
7.0 
300 
500 
10 
2.5 
• 
• 
I 
7.0 
300 
500 
10 
2.7 
• 
• 
C 
10.0 
400 
1000 
10 
2.7 
• 
• 
I 
10.0 
400 
1000 
10 
5.0 
• 
• 
• 
C 
30.0 
1000 
1000 
10 
5.0 
• 
• 
• 
I 
30.0 
1000 
1000 
10 
5.0 
• 
M 
30.0 
1000 
1000 


AT93C46R 
(Rotated) 
see page 2-37 


Organization: 64 x 16 or 
Speed 
Voltage 
Package 
Temperature 
ISB 
lee 
fMAX 
128 x 8 
(ms) 
51 
Range 
(JlA) 
(JlA) 
(kHz) 
No. of Pins: 
SOlC8 
250 
10 
1.8 
· 
C 
0.1 
40 
10 
1.8 
• 
I 
0.1 
40 
250 
10 
2.5 
· 
C 
7.0 
300 
500 
10 
2.5 
• 
I 
7.0 
300 
500 
10 
2.7 
• 
C 
10.0 
400 
1000 
10 
2.7 
• 
I 
10.0 
400 
1000 
10 
5.0 
• 
C 
30.0 
1000 
1000 
10 
5.0 
• 
I 
30.0 
1000 
1000 


Package 
Type 


P 
8P3, 8 Lead, 0.300" Wide, Plastic Duallnline 
Package (PDIP) 


51 
8S1, 8 Lead, 0.150" Wide, Plastic Gull Wing Small Outline (JEDEC SOIC) 


W 
Die 


Temperature 
Range 


C 
Commercial 
(O°C to 70°C) 
I 
Industrial 
(-40°C to 85°C) 


M 
Military 
(-55°C to 125°C) 


Voltage 
Range 


1.8 
Low Voltage (1.8 V to 5.5 V) 


2.5 
Low Voltage (2.5 V to 5.5 V) 


2.7 
Low Voltage (2.7 V to 5.5 V) 


5.0 
Standard 
Device (4.5 V to 5.5 V) 


AlmEL 


• 


AlmEL 


AT93C46W 
see page 2-37 


Organization: 64 x 16 or 
Speed 
Voltage 
Package 
Temperature 
\sa 
Ice 
'MAX 
128x 8 
(ms) 
52 
Range 
(~A) 
(~A) 
(kHz) 
No. of Pins: 
SOlC8 
10 
1.8 
• 
C 
0.1 
40 
250 
10 
1.8 
• 
I 
0.1 
40 
250 
10 
2.5 
• 
C 
7.0 
300 
500 
10 
2.5 
· 
I 
7.0 
300 
500 
10 
2.7 
· 
C 
10.0 
400 
1000 
10 
2.7 
• 
I 
10.0 
400 
1000 
10 
5.0 
• 
C 
30.0 
1000 
1000 
10 
5.0 
• 
I 
30.0 
1000 
1000 


Package 
Type 


S2 
8S2, 8 Lead, 0.200" Wide, Plastic Gull Wing Small Outline (EIAJ SOIC) 


Temperature 
Range 


C 
Commercial 
(O°C to 70°C) 
I 
Industrial 
(-40°C to 85°C) 


M 
Military 
(-55°C to 125°C) 


Voltage 
Range 
- 


1.8 
Low Voltage (1.8 V to 5.5 V) 


2.5 
Low Voltage (2.5 V to 5.5 V) 


2.7 
Low Voltage (2.7 V to 5.5 V) 


5.0 
Standard 
Device (4.5 V to 5.5 V) 


AT93C56 
see page 2-37 


Organization: 128 x 16 or 
Speed 
Voltage 
Package 
Temperature 
158 
Ice 
fMAX 


256 x 8 
(ms) 
P 
S1 
W 
Range 
(ll-A) 
(lJ.A) 
(kHz) 
No. of Pins: 
DIP 8. 


C 
0.1 
40 
250 
SOlC8 
10 
1.8 
• 
• 
10 
1.8 
• 
• 
I 
0.1 
40 
250 
10 
2.5 · • 
C 
7.0 
300 
500 
10 
2.5 
• 
• 
I 
7.0 
300 
500 


10 
2.7 
• 
• 
C 
10.0 
400 
1000 


10 
2.7 
• 
• 
I 
10.0 
400 
1000 


10 
5.0 
• 
• 
• 
C 
30.0 
1000 
1000 


10 
5.0 
• 
• 
• 
I 
30.0 
1000 
1000 
10 
5.0 
• 
M 
30.0 
1000 
1000 
• 


AT93C56W 
see page 2-37 


Organization: 128 x 16 or 
Speed 
Voltage 
Package 
Temperature 
158 
Ice 
fMAX 
256 x 8 
(ms) 
S2 
Range 
(lJ.A) 
(ll-A) 
(kHz) 


No. of Pins: 
SOlC8 
C 
0.1 
40 
250 
10 
1.8 
· 
10 
1.8 
• 
I 
0.1 
40 
250 


10 
2.5 
• 
C 
7.0 
300 
500 


10 
2.5 
• 
I 
7.0 
300 
500 


10 
2.7 
• 
C 
10.0 
400 
1000 


10 
2.7 
• 
I 
10.0 
400 
1000 


10 
5.0 
• 
C 
30.0 
1000 
1000 


10 
5.0 
• 
I 
30.0 
1000 
1000 


Package 
Type 


P 
8P3. 8 Lead. 0.300" Wide. Plastic Duallnline 
Package (PDIP) 


S1 
8S1. 8 Lead, 0.150" Wide, Plastic GUll Wing Small Outline (JEDEC SOIC) 


S2 
8S2, 8 Lead. 0.200" Wide, Plastic GUll Wing Small Outline (EIAJ SOIC) 


W 
Die 


Temperature 
Range 


C 
Commercial 
(O°C to 70°C) 
I 
Industrial 
(-40°C to 85°C) 


M 
Military 
(-55°C to 125°C) 


Voltage 
Range 


1.8 
Low Voltage (1.8 V to 5.5 V) 


2.5 
Low Voltage (2.5 V to 5.5 V) 


2.7 
Low Voltage (2.7 V to 5.5 V) 


5.0 
Standard 
Device (4.5 V to 5.5 V) 


AlmEL 


AlmEL 


AT93C57 
see page 2-37 


Organization: 128 x 16 or 
Speed 
Voltage 
Package 
Temperature 
158 
Ice 
fMAX 
256 x 8 
(ma) 
P 
S1 
W 
Range 
(~A) 
(~A) 
(kHz) 
No. of Pins: 
DIP 8, 
e 
250 
SOlC8 
10 
1.8 
• 
• 
0.1 
40 
10 
1.8 
• 
• 
I 
0.1 
40 
250 
10 
2.5 
• 
• 
e 
7.0 
300 
500 
10 
2.5 
• 
• 
I 
7.0 
300 
500 
10 
2.7 
• · 
C 
10.0 
400 
1000 
10 
2.7 
• 
• 
I 
10.0 
400 
1000 
10 
5.0 
• 
• 
• 
C 
30.0 
1000 
1000 
10 
5.0 
• 
• 
• 
I 
30.0 
1000 
1000 
10 
5.0 
• 
M 
30.0 
1000 
1000 


AT93C57W 
see page 2-37 


Organization: 128 x 16 or 
Speed 
Voltage 
Package 
Temperature 
158 
lee 
fMAX 
256 x 8 
(ma) 
S2 
Range 
(~) 
(~A) 
(kHz) 
No. of Pins: 
SOlC8 
10 
1.8 
• 
C 
0.1 
40 
250 
10 
1.8 
• 
I 
0.1 
40 
250 
10 
2.5 
· 
C 
7.0 
300 
500 
10 
2.5 
• 
I 
7.0 
300 
500 
10 
2.7 
• 
C 
10.0 
400 
1000 
10 
2.7 
• 
I 
10.0 
400 
1000 
10 
5.0 
· 
C 
30.0 
1000 
1000 
10 
5.0 
· 
I 
30.0 
1000 
1000 


Package 
Type 


P 
8P3,8 
Lead, 0.300" Wide, Plastic Duallnline 
Package (PDIP) 


S1 
8S1, 8 Lead, 0.150" Wide, Plastic Gull Wing Small Outline (JEDEC SOIC) 


S2 
8S2, 8 Lead, 0.200" Wide, Plastic Gull Wing Small Outline (EIAJ SOIC) 


W 
Die 


Temperature 
Range 
e 
Commercial 
(O°C to 70°C) 
I 
Industrial 
(-40°C to 85°C) 


M 
Military 
(-55°C to 125°C) 


Voltage 
Range 


1.8 
Low Voltage (1.8 V to 5.5 V) 


2.5 
Low Voltage (2.5 V to 5.5 V) 


2.7 
Low Voltage (2.7 V to 5.5 V) 


5.0 
Standard 
Device (4.5 V to 5.5 V) 
CMOS E2pROM 
_ 


_______________ 
CMOS E2pROM 


AT93C66 
see page 2-37 


Organization: 258 x 16 or 
Speed 
Voltage 
Package 
Temperature 
158 
Ice 
fMAX 
512 x 8 
(ms) 
P 
51 
W 
Range 
(liA) 
lllA) 
(kHz) 
No. of Pins: 
DIP 8. 
e 
40 
250 
SOlC8 
10 
1.8 
• 
• 
0.1 
10 
1.8 
• 
• 
I 
0.1 
40 
250 


10 
2.5 
• 
• 
e 
7.0 
300 
500 


10 
2.5 
• 
• 
I 
7.0 
300 
500 
10 
2.7 
• 
• 
e 
10.0 
400 
1000 
10 
2.7 
• 
• 
I 
10.0 
400 
1000 
10 
5.0 
• 
• 
• 
e 
30.0 
1000 
1000 


10 
5.0 
• 
• 
• 
I 
30.0 
1000 
1000 


10 
5.0 
• 
M 
30.0 
1000 
1000 


AT93C66W 
see page 2-37 


Organization: 258 x 16 or 
5peed 
Voltage 
Package 
Temperature 
158 
lee 
fMAX 
512x 8 
(ms) 
52 
Range 
(liA) 
(liA) 
(kHz) 
No. of Pins: 
SOlC8 


10 
1.8 
• 
e 
0.1 
40 
250 


10 
1.8 
• 
I 
0.1 
40 
250 


10 
2.5 
• 
e 
7.0 
300 
500 


10 
2.5 
• 
I 
7.0 
300 
500 


10 
2.7 
• 
C 
10.0 
400 
1000 
10 
2.7 
• 
I 
10.0 
400 
1000 


10 
5.0 
· 
C 
30.0 
1000 
1000 
10 
5.0 
• 
I 
30.0 
1000 
1000 


Package 
Type 


p 
8P3, 8 Lead, 0.300" Wide, Plastic Duallnline 
Package (PDIP) 


51 
8S1, 8 Lead, 0.150" Wide, Plastic Gull Wing Small Outline (JEDEC SOIC) 


52 
8S2, 8 Lead, 0.200" Wide, Plastic Gull Wing Small Outline (EIAJ SOIC) 


W 
Die 


Temperature 
Range 


C 
Commercial 
(O°C to 70°C) 
I 
Industrial 
(-40oe to 85°C) 


M 
Military 
(-55°C to 125°C) 
- 


Voltage 
Range 


1.8 
Low Voltage (1.8 V to 5.5 V) 


2.5 
Low Voltage (2.5 V to 5.5 V) 


2.7 
Low Voltage (2.7 V to 5.5 V) 


5.0 
Standard 
Device (4.5 V to 5.5 V) 
- 


AlmEL 


• 


AT59C11 
see page 2-51 


Organization: 64 x 16 or 
Speed 
Voltage 
Package 
Temperature 
IS8 
Ice 
fMAX 
128 x 8 
(ma) 
P 
Range 
(I!A) 
(I!A) 
(kHz) 
No. of Pins: 
DIP8 


C 
10 
1.8 
• 
0.1 
40 
250 
10 
1.8 
• 
I 
0.1 
40 
250 
10 
2.5 
• 
C 
7.0 
300 
500 


10 
2.5 
• 
I 
7.0 
300 
500 


10 
2.7 
• 
C 
10.0 
400 
1000 


10 
2.7 
• 
I 
10.0 
400 
1000 


10 
5.0 
• 
C 
30.0 
1000 
1000 


10 
5.0 
• 
I 
30.0 
1000 
1000 


AT59C11W 
see page 2-51 


Organization: 64 x 16 or 
Speed 
Voltage 
Package 
Temperature 
IS8 
lee 
fMAX 


128 x 8 
(ma) 
S2 
Range 
(I!A) 
(!LA) 
(kHz) 
No. of Pins: 
SOlC8 


10 
1.8 
• 
C 
0.1 
40 
250 
10 
1.8 
• 
I 
0.1 
40 
250 
10 
2.5 
• 
C 
7.0 
300 
500 


10 
2.5 
• 
I 
7.0 
300 
500 


10 
2.7 
• 
C 
10.0 
400 
1000 


10 
2.7 
• 
I 
10.0 
400 
1000 
10 
5.0 
• 
C 
30.0 
1000 
1000 
10 
5.0 
• 
I 
30.0 
1000 
1000 


Package 
Type 


P 
8P3. 8 Lead. 0.300" Wide. Plastic Duallnline 
Package (PDIP) 


S2 
8S2. 8 Lead. 0.200" Wide. Plastic Gull Wing Small Outline (EIAJ SOIC) 


Temperature 
Range 


C 
Commercial 
(OOe to 70°C) 


I 
Industrial 
(-400e 
to 85°C) 


Voltage 
Range 


1.8 
Low Voltage (1.8 V to 5.5 V) 


2.5 
Low Voltage (2.5 V to 5.5 V) 


2.7 
Low Voltage (2.7 V to 5.5 V) 


5.0 
Standard 
Device (4.5 V to 5.5 V) 


CMOS E2pROM 
_ 


• 
AT59C22 
see page 2-51 


Organization: 128 x 16 or 
Speed 
Voltage 
Package 
Temperature 
ISB 
Ice 
fMAX 
256 x 8 
(ma) 
P 
Range 
(I!A) 
(ItA) 
(kHz) 
No. of Pins: 
DIP 8 


C 
0.1 
40 
250 
10 
1.8 
• 
10 
1.8 
• 
I 
0.1 
40 
250 


10 
2.5 
• 
C 
7.0 
300 
500 


10 
2.5 
• 
I 
7.0 
300 
500 


10 
2.7 
• 
C 
10.0 
400 
1000 
10 
2.7 
• 
I 
10.0 
400 
1000 


10 
5.0 
• 
C 
30.0 
1000 
1000 


10 
5.0 
• 
I 
30.0 
1000 
1000 


AT59C22W 
see page 2-51 


Organization: 128 x 16 or 
Speed 
Voltage 
Package 
Temperature 
ISB 
Ice 
fMAX 
256 x 8 
(ms) 
S2 
Range 
(I!A) 
(~A) 
(kHz) 
No. of Pins: 
SOlC8 


C 
0.1 
40 
250 
10 
1.8 
• 


10 
1.8 
• 
I 
0.1 
40 
250 
10 
2.5 
• 
C 
7.0 
300 
500 
10 
2.5 
• 
I 
7.0 
300 
500 
10 
2.7 
• 
C 
10.0 
400 
1000 
10 
2.7 
• 
I 
10.0 
400 
1000 


10 
5.0 
• 
C 
30.0 
1000 
1000 


10 
5.0 
• 
I 
30.0 
1000 
1000 


Package 
Type 


P 
8P3. 8 Lead. 0.300" Wide. Plastic Duallnline 
Package (PDIP) 


S2 
8S2. 8 Lead. 0.200" Wide. Plastic Gull Wing Small Outline (EIAJ SOIC) 


Temperature 
Range 


C 
Commercial 
(O°C to 70°C) 


I 
Industrial 
(-40°C to 85°C) 


Voltage 
Range 


1.8 
Low Voltage (1.8 V to 5.5 V) 


2.5 
Low Voltage (2.5 V to 5.5 V) 


2.7 
Low Voltage (2.7 V to 5.5 V) 


5.0 
Standard 
Device (4.5 V to 5.5 V) 


AlmEL 


AlmEL 


AT59C13 
see page 2-51 


Organization: 256 x 16 or 
Speed 
Voltage 
Package 
Temperature 
ISB 
Ice 
fMAX 


512 x S 
(ms) 
P 
Range 
(!tA) 
(~A) 
(kHz) 
No. of Pins: 
DIPS 
C 
250 
10 
1.8 
• 
0.1 
40 


10 
1.8 
• 
I 
0.1 
40 
250 


10 
2.5 
• 
C 
7.0 
300 
500 


10 
2.5 
• 
I 
7.0 
300 
500 


10 
2.7 
• 
C 
10.0 
400 
1000 


10 
2.7 
• 
I 
10.0 
400 
1000 


10 
5.0 
• 
C 
30.0 
1000 
1000 


10 
5.0 
• 
I 
30.0 
1000 
1000 


AT59C13W 
see page 2-51 


Organization: 256 x 16 or 
Speed 
Voltage 
Package 
Temperature 
ISB 
lee 
fMAX 


512x 8 
(ms) 
52 
Range 
(!tA) 
(IlA) 
(kHz) 


No. of Pins: 
SOICS 
10 
1.8 
• 
C 
0.1 
40 
250 


10 
1.8 
• 
I 
0.1 
40 
250 


10 
2.5 
• 
C 
7.0 
300 
500 


10 
2.5 
• 
I 
7.0 
300 
500 


10 
2.7 
• 
C 
10.0 
400 
1000 


10 
2.7 
• 
I 
10.0 
400 
1000 


10 
5.0 
• 
C 
30.0 
1000 
1000 


10 
5.0 
• 
I 
30.0 
1000 
1000 


Package 
Type 


P 
8P3, 8 Lead, 0.300" Wide, Plastic Duallnline 
Package (PDIP) 


S2 
882, 8 Lead, 0.200" Wide, Plastic Gull Wing Small Outline (EIAJ SOl C) 


Temperature 
Range 


C 
Commercial 
(O°C to 70°C) 
I 
Industrial 
(-40°C to 85°C) 


Voltage 
Range 


1.8 
Low Voltage (1.8 V to 5.5 V) 


2.5 
Low Voltage (2.5 V to 5.5 V) 
, 


2.7 
Low Voltage (2.7 V to 5.5 V) 


5.0 
Standard 
Device (4.5 V to 5.5 V) 


CMOS E2pROM 
_ 


• 
AT28C04 
see page 2-63 


Organization: 512 x 8 
Speed 
Package 
Temperature 
Icc(mA) 
No. of Pins: 
DIP 24, 
(ns) 
0 
P 
W 
Range 
Option 
Active 
Standby 
LCC32 
C 
E,F 
30 
0.1 
150 
• 
• 
150 
• 
• 
I 
E,F 
45 
0.1 
150 
• 
M/883 
E,F 
45 
0.1 
200 
• 
• 
C 
E,F 
30 
0.1 
200 
• 
• 
I 
E,F 
45 
0.1 
200 
• 
M/883 
E,F 
45 
0.1 
250 
• 
• 
• 
C 
E,F 
30 
0.1 
250 
• 
• 
I 
E,F 
45 
0.1 
250 
· 
M/883 
E,F 
45 
0.1 


Package 
Type 
0 
28D6, 28 Lead, 0.600" Wide, Non-Windowed, 
Ceramic Duallnline 
Package (Cerdip) 


P 
28P6, 28 Lead, 0.600" Wide, Plastic Duallnline 
Package (PDIP) 


W 
Die 


Temperature 
Range 


C 
Commercial 
(O°C to 70°C) 
I 
Industrial 
(-40°C to 85°C) 


M/883 
MIL-STD-883C, 
Class B, Fully Compliant 
(-55°C to 125°C) 


Options 


Blank 
Standard 
Device: Endurance = 10K Write Cycles; Write Time = 1 ms 


E 
High Endurance Option: Endurance = 100K Write Cycles; Write Time = 200 liS 


F 
Fast Write Option: Write Time = 200 lis 


AlmEL 


AlmEL 


AT28C16 
see page 2-71 


Organization: 2K x 8 
Speed 
Package 
Temperature 
Ice (mA) 


No. of Pins: 
DIP 28, 
(n8) 
0 
J 
L 
P 
S 
W 
Range 
Option 
Active 
Standby 
LCC 32, 


150 
C 
E,F 
30 
0.1 
SOlC24 
• 
• 
· • 
150 
• 
• 
• 
• 
I 
E,F 
45 
0.1 


150 
• 
• 
M/883 
E,F 
45 
0.1 


200 
• 
• 
• 
• 
C 
E,F 
30 
0.1 


200 
• 
• 
• 
• 
I 
E,F 
45 
0.1 


200 
• 
• 
M/883 
E,F 
45 
0.1 


250 
• 
• 
• 
• 
• 
C 
E,F 
30 
0.1 


250 
• 
• 
• 
• 
I 
E,F 
45 
0.1 


250 
• 
• 
M/883 
E,F 
45 
0.1 


Package 
Type 


0 
28D6, 28 Lead, 0.600" Wide, Non-Windowed, 
Ceramic Duallnline 
Package (Cerdip) 
J 
32J, 32 Lead, Plastic J-Leaded Chip Carrier (PLCC) 


L 
32L, 32 Pad, Non-Windowed, 
Ceramic Leadless Chip Carrier (LCC) 


P 
28P6, 28 Lead, 0.600" Wide, Plastic Duallnline 
Package (PDIP) 


S 
24S, 24 Lead, 0.300" Wide, Plastic Gull Wing Small Outline (SOIC) 


W 
Die 


Temperature 
Range 


C 
Commercial 
(O°C to 70°C) 


I 
Industrial 
(-40°C to 85°C) 


M/883 
MIL-STD-883C, 
Class B, Fully Compliant 
(-55°C to 125°C) 


Options 


Blank 
Standard 
Device: Endurance = 10K Write Cycles; Write Time = 1 ms 


E 
High Endurance Option: Endurance = 100K Write Cycles; Write Time = 200 JlS 


F 
Fast Write Option; Write Time = 200 I!S 


_______________ 
CMOS E2pROM 


AT28C17 
see page 2-81 


Organization: 2K x B 
Speed 
Package 
Temperature 
Ice (mA) 
No. of Pins: 
DIP2B, 
(ns) 
0 
J 
L 
P 
S 
W 
Range 
Option 
Active 
Standby 
LCC32, 
150 
C 
E,F 
30 
0.1 
SOlC24 
• 
• 
• 
• 
150 · · 
• 
• 
I 
E, F 
45 
0.1 


150 
• 
• 
M/883 
E,F 
45 
0.1 
200 · • 
• 
• 
C 
E,F 
30 
0.1 


200 
• 
• 
• 
• 
I 
E,F 
45 
0.1 


200 · 
• 
M/883 
E,F 
45 
0.1 
250 
• 
• 
• · . 
C 
E,F 
30 
0.1 
250 
• 
• 
• 
• 
I 
E,F 
45 
0.1 


250 
• 
• 
M/883 
E,F 
45 
0.1 


Package 
Type 


0 
28D6, 28 Lead, 0.600" Wide, Non-Windowed, 
Ceramic Duallnline 
Package (Cerdip) 


J 
32J, 32 Lead, Plastic J-Leaded 
Chip Carrier (PLCC) 


L 
32L, 32 Pad, Non-Windowed, 
Ceramic Leadless Chip Carrier (LCC) 


P 
28P6, 28 Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP) 


S 
24S, 24 Lead, 0.300" Wide, Plastic Gull Wing Small Outline (SOIC) 


W 
Die 


Temperature 
Range 


C 
Commercial 
(O°C to lO°C) 
I 
Industrial 
(-40°C to 85°C) 


M/883 
MIL-STD-883C, 
Class S, Fully Compliant 
(-55°C to 125°C) 


Options 


Blank 
Standard 
Device: Endurance = 10K Write Cycles; Write Time = 10 ms 


E 
High Endurance Option: Endurance = 100K Write Cycles; Write Time = 200 liS 


F 
Fast Write Option: Write Time = 200 lis 


AlmEL 


• 


AT28C64 
see page 2-91 


Organization: 8K x 8 
Speed 
Package 
Temperture 
Ice (mA) 


No. of Pins: 
DIP 28, 
(n8) 
0 
F 
J 
L 
P 
S 
T 
W 
Range 
Option 
Active 
Standby 
LCC32, 


120 
C 
E,F 
30 
0.1 
SOlC28, 
• 
• 
• 
• 


TSOP28 
120 
• 
• 
• 
• 
I 
E,F 
45 
0.1 


120 
• 
• 
• 
M/883 
E,F 
45 
0.1 


150 
• 
• 
• 
• 
• 
C 
E,F 
30 
0.1 


150 · 
• 
• 
• . 
I 
E,F 
45 
0.1 


150 
• 
• 
· 
M/883 
E,F 
45 
0.1 


200 
• 
• 
• 
• 
C 
E,F 
30 
0.1 


200 
• 
• 
• 
• 
I 
E,F 
45 
0.1 


200 
• 
• 
• 
M/883 
E,F 
45 
0.1 


250 
• 
• 
• 
• 
• 
C 
E,F 
30 
0.1 


250 · 
• 
• 
• 
I 
E,F 
45 
0.1 


250 
• · 
• 
M/883 
E,F 
45 
0.1 


300 
• 
• 
• 
M/883 
E,F 
45 
0.1 


350 
• 
• 
• 
M/883 
E,F 
45 
0.1 


SMD Number for AT28C64 


5962-8751417 
150 · 
• 
M/883 
45 
0.1 


5962-8751416 
200 
• 
• 
M/883 
45 
0.1 


5962-8751415 
250 
• 
• 
• 
M/883 
45 
0.1 


5962-8751414 
300 · 
• 
M/883 
45 
0.1 


5962-8751413 
350 
• 
• 
• 
M/883 
45 
0.1 


Package 
Type 
0 
28D6, 28 Lead, 0.600" Wide, Non-Windowed, 
Ceramic Duallnline 
Package (Cerdip) 


F 
28F, 28 Lead, Non-Windowed, 
Ceramic Bottom-Brazed 
Flat Package (Flatpack) 
J 
32J, 32 Lead, Plastic J-Leaded Chip Carrier (PLCC) 


L 
32L, 32 Pad, Non-Windowed, 
Ceramic Leadless Chip Carrier (LCC) 


P 
28P6, 28 Lead, 0.600" Wide, Plastic Duallnline 
Package (PDIP) 


S 
28S, 28 Lead, 0.300" Wide, Plastic GUll Wing Small Outline (SOIC) 


T 
28T, 28 Lead, Plastic Thin Small Outline Package (TSOP) 


W 
Die 


Temperature 
Range 


C 
Commercial 
(O°C to 70°C) 
I 
Industrial 
(-40°C to 85°C) 


M/883 
MIL-STD-883C, 
Class B, Fully Compliant 
(-55°C to 125°C) 


Options 


Blank 
Standard 
Device: Endurance = 10K Write Cycles; Write Time = 1 ms 
E 
High Endurance 
Option: Endurance 
= 100K Write Cycles; Write Time = 200 I.lS 


F 
Fast Write Option: Write Time = 200 I.ls 


_______________ 
CMOS E2pROM 


AT28C64X 
see page 2-91 


Organization: 8K x 8 
Speed 
Package 
Temperature 
Icc(mA) 
No. of Pins: 
DIP 28. 
(ns) 
D 
F 
J 
L 
P 
S 
Range 
Active 
Standby 
LCC32, 


150 
C 
30 
0.1 
SOlC28 
• 
• 
• 
• 
• 


150 
• 
• 
• 
• 
• 
I 
45 
0.1 
150 
• 
• 
• 
M/883 
45 
0.1 
200 
• 
• 
• 
• 
• 
C 
30 
0.1 
200 
• 
• 
• 
• 
• 
I 
45 
0.1 
200 
• 
• 
• 
M/883 
45 
0.1 
250 
• 
• 
• 
• 
• 
C 
30 
0.1 
250 
· • 
• 
• 
• 
I 
45 
0.1 
250 
• 
• 
• 
M/883 
45 
0.1 
300 
• 
• 
• 
M/883 
45 
0.1 
350 
· • 
· 
M/883 
45 
0.1 
450 
· • 
• 
M/883 
45 
0.1 


SMD Number for AT28C64X 


5962-8751422 
150 
· 
· 
M/883 
45 
0.1 
5962-8751421 
200 
• 
• 
M/883 
45 
0.1 
5962-8751420 
250 
· · 
· 
M/883 
45 
0.1 
5962-8751419 
300 
• 
· 
M/883 
45 
0.1 
5962-8751418 
350 
• 
• 
M/883 
45 
0.1 


Package 
Type 


0 
28D6, 28 Lead, 0.600" Wide, Non-Windowed, 
Ceramic Duallnline 
Package (Cerdip) 


F 
28F, 28 Lead, Non-Windowed, 
Ceramic Bottom-Brazed 
Flat Package (Flatpack) 
J 
32J, 32 Lead, Plastic J-Leaded 
Chip Carrier (PLCC) 


L 
32L, 32 Pad, Non-Windowed, 
Ceramic Leadless Chip Carrier (LCC) 


P 
28P6, 28 Lead, 0.600" Wide, Plastic Duallnline 
Package (PDIP) 


S 
28S, 28 Lead, 0.300" Wide, Plastic Gull Wing Small Outline (SOl C) 


Temperature 
Range 


C 
Commercial 
(O°C to 70°C) 
I 
Industrial 
(-40°C to 85°C) 


M/883 
MIL-STD-883C, 
Class B, Fully Compliant 
(-55°C to 125°C) 


AlmEL 


• 


AlmEL 


AT28HC64 
see page 2-103 


Organization: 8K x 8 
Speed 
Package 
Temperature 
Ice (mA) 


No. of Pins: 
DIP 28, 
(ns) 
0 
J 
L 
P 
T 
Range 
Option 
Active 
Standby 


LCC32. 
55 
C 
E 
80 
60 
TSOP28 
• 
• 
• 
55 
• 
• 
• 
I 
E 
80 
60 


70 
· • 
· 
C 
E 
80 
60 


70 
• 
• 
• 
I 
E 
80 
60 


70 
• 
• 
M/883 
E 
80 
60 


90 
• · 
• 
• 
C 
E 
80 
60 


90 
• 
• 
• 
• 
I 
E 
80 
60 


90 
• 
• 
M/883 
E 
80 
60 


120 
• 
• 
• 
C 
E 
80 
60 


120 
• 
• 
• 
I 
E 
80 
60 


120 
• 
• 
M/883 
E 
80 
60 


Package 
Type 
0 
2806,28 
Lead, 0.600" Wide, Non-Windowed, 
Ceramic Ouallnline 
Package (Cerdip) 


J 
32J, 32 Lead, Plastic J-Leaded 
Chip Carrier (PLCC) 


L 
32L, 32 Pad, Non-Windowed. 
Ceramic Leadless Chip Carrier (LCC) 


P 
28P6, 28 Lead, 0.600" Wide, Plastic Duallnline 
Package (PDIP) 


T 
28T, 28 Lead, Plastic Thin Small Outline Package (TSOP) 


Temperature 
Range 
C 
Commercial 
(O°C to 70°C) 
I 
Industrial 
(-40°C to 85°C) 


M/883 
MIL-ST0-883C, 
Class B, Fully Compliant 
(-55°C to 125°C) 


Options 


Blank 
I 
Standard 
Device: Endurance = 10K Write Cycles; Write Time = 2 ms 


E 
High Endurance 
Option: Endurance = 1OOKWrite Cycles 


AT28HC64L 
see page 2-103 


Organization: 8K x 8 
Speed 
Package 
Temperature 
Ice (mA) 
No. of Pins: 
DIP 28, 
(ns) 
D 
J 
L 
P 
W 
Range 
Option 
Active 
Standby 
LCC32 
C 
E 
80 
0.1 
70 
• 
• 
• 


70 
• 
• 
• 
I 
E 
80 
0.1 


90 
• 
• 
· 
C 
E 
80 
0.1 


90 
• 
• 
• 
I 
E 
80 
0.1 


90 
• 
· 
M/883 
E 
80 
0.2 


120 
• 
• 
• 
• 
C 
E 
80 
0.1 
120 · · 
• 
I 
E 
80 
0.1 
120 
• 
• 
M/883 
E 
80 
0.2 


SMD Number for AT28HC64L 


5962-8751412 
70 
• 
• 
M/883 
80 
0.2 
5962-8751411 
90 
• 
• 
M/883 
80 
0.2 
5962-8751410 
120 
• 
• 
M/883 
80 
0.2 


• 


Package 
Type 


D 
2806,28 
Lead, 0.600" Wide, Non-Windowed, 
Ceramic Duallnline 
Package (Cerdip) 
J 
32J, 32 Lead, Plastic J-Leaded 
Chip Carrier (PLCC) 


L 
32L, 32 Pad, Non-Windowed, 
Ceramic Leadless Chip Carrier (LCC) 


P 
28P6, 28 Lead, 0.600" Wide, Plastic Duallnline 
Package (PDIP) 


W 
Die 


Temperature 
Range 


C 
Commercial 
(O°C to 70°C) 
I 
Industrial 
(-40°C to 85°C) 


M/883 
MIL-STD-883C, 
Class B, Fully Compliant 
(-55°C to 125°C) 


Options 


Blank 
Standard 
Device: Endurance = 10K Write Cycles; Write Time = 2 ms 


E 
High Endurance Option: Endurance = 100K Write Cycles 


AlmEL 


AlmEL 


AT28 LV64 
see page 2-115 


Organization: 8K x 8 
Speed 
Operating 
Package 
Temperature 
Ice (mA) 
No. of Pins: 
DIP 28, 
(ns) 
Voltage Range 
J 
P 
S 
T 
Range 
Active 
Standby 
LCC32, 


200 
3.0 Vto 3.6 V 
C 
8 
0.05 
SOlC28, 
• 
• 
• 
• 


TSOP28 
200 
3.0 V to 3.6 V 
• 
• 
• 
• 
I 
8 
0.05 


300 
2.7Vto 
3.6 V 
• 
• 
• 
• 
C 
8 
0.05 


300 
2.7Vt03.6V 
• 
• 
• 
• 
I 
8 
0.05 


Package 
Type 
J 
32J, 32 Lead, Plastic J-Leaded 
Chip Carrier (PLCC) 


P 
28P6, 28 Lead, 0.600" Wide, Plastic Duallnline 
Package (PDIP) 


S 
28S, 28 Lead, 0.300" Wide, Plastic GUll Wing Small Outline (SOl C) 


T 
28T, 28 Lead, Plastic Thin Small Outline Package (TSOP) 
- 


Temperature 
Range 


C 
Commercial 
(O°C to 70°C) 


I 
Industrial 
(-40°C to 85°C) 


• 
AT28C64B 
see page 2-123 


Organization: 8K x 8 
Speed 
Package 
Temperature 
Icc(mA) 
No. of Pins: 
DIP 28, 
(ns) 
0 
J 
P 
S 
T 
U 
Range 
Active 
Standby 
LCC32, 


150 
C 
60 
0.1 
SOlC28, 
• 
• 
• · • 


TSOP 28, 
150 
• 
• 
• · · 
I 
60 
0.1 


PGA28 
150 
• 
• 
M/883 
80 
0.2 
200 
· • 
• 
• 
• 
C 
60 
0.1 
200 
• 
• 
• 
• · 
I 
60 
0.1 


200 
• 
• 
M/883 
80 
0.2 
250 
• 
• 
• 
• 
• 
C 
60 
0.1 
250 
• 
• 
• 
• 
• 
I 
60 
0.1 
250 
• 
· 
M/883 
80 
0.2 


Package 
Type 


D 
28D6, 28 Lead, 0.600" Wide, Non-Windowed 
Ceramic Duallnline 
Package (Cerdip) 
J 
32J, 32 Lead, Plastic J-Leaded 
Chip Carrier (PLCC) 


P 
28P6, 28 Lead, 0.600" Wide, Plastic Duallnline 
Package (PDIP) 
S 
28S, 28 Lead, 0.300" Wide, Plastic Gull Wing Small Outline (SOIC) 


T 
28T, 28 Lead, Plastic Thin Small Outline Package (TSOP) 


U 
28U, 28 Pin, Ceramic Pin Grid Array (PGA) 


Temperature 
Range 


C 
Commercial 
(O°C to 70°C) 
I 
Industrial 
(-40°C to 85°C) 


M/883 
MIL-STD-883C, 
Class B, Fully Compliant 
(-55°C to 125°C) 


AlmEL 


AlmEL 


AT28PC64 
see page 2-135 


Organization: 8K x 8 
Speed 
Package 
Temperature 
Icc(mA) 


No. of Pins: 
DIP 28. 
(ns) 
0 
J 
L 
P 
T 
W 
Range 
Option 
Active 
Standby 


LCC32. 
150 
C 
E 
80 
0.1 
TSOP28 
• 
• 
• 
• 
150 
• 
• 
• 
• 
I 
E 
80 
0.1 


150 
• 
• 
M/883 
E 
80 
0.2 


200 
• 
• 
• 
C 
E 
80 
0.1 


200 
• · 
• 
I 
E 
80 
0.1 


200 
• 
• 
M/883 
E 
80 
0.2 


250 
• 
• 
• 
• 
C 
E 
80 
0.1 


250 
• 
• 
• 
I 
E 
80 
0.1 


250 
• 
• 
M/883 
E 
80 
0.2 


300 
• 
• 
M/883 
E 
80 
0.2 


350 
• 
• 
M/883 
E 
80 
0.2 


SMD Number for AT28PC64 


5962-8751409 
200 
• 
• 
M/883 
80 
0.2 


5962-8751408 
250 · 
• 
M/883 
80 
0.2 


5962-8751407 
300 
• 
• 
M/883 
80 
0.2 


5962-8751406 
350 
• 
• 
M/883 
80 
0.2 


Package 
Type 
0 
28D6, 28 Lead, 0.600" Wide, Non-Windowed, 
Ceramic Duallnline 
Package (Cerdip) 


J 
32J. 32 Lead, Plastic J-Leaded 
Chip Carrier (PLCC) 
L 
32L, 32 Pad, Non-Windowed, 
Ceramic Leadless Chip Carrier (LCC) 


P 
28P6, 28 Lead, 0.600" Wide, Plastic Duallnline 
Package (PDIP) 


T 
28T, 28 Lead, Plastic Thin Small Outline Package (TSOP) 


W 
Die 


Temperature 
Range 
, 


C 
Commercial 
(O°C to 70°C) 
I 
Industrial 
(-40°C to 85°C) 


M1883 
MIL-STD-883C, 
Class B, Fully Compliant 
(-55°C to 125°C) 


Options 


Blank 
Standard 
Device: Endurance = 10K Write Cycles; Write Time = 2 ms 


E 
High Endurance 
Option: Endurance = 100K Write Cycles 


_______________ 
CMOS E2pROM 


AT28C256 
see page 2-147 


Organization: 32K x 8 
Speed 
Package 
Temperature 
lcc(mA) 
No. of Pins: 
DIP 28, 
(ns) 
D 
F 
J 
L 
P 
T 
U 
W 
Range 
Option 
Active 
Standby 


LCC32, 


150 
C 
E, F 
80 
0.2 
TSOP 28 
• 
• 
• 
• 
• 
150 
• 
• 
• 
• 
• 
I 
E,F 
80 
0.2 


150 
• 
• 
• 
• 
M/883 
E,F 
80 
0.3 


200 
• 
• 
• 
• 
C 
E,F 
80 
0.2 


200 
• 
• 
• 
• 
I 
E,F 
80 
0.2 


200 · • 
• 
• 
M/883 
E,F 
80 
0.3 


250 
• 
• 
• 
• 
• 
C 
E,F 
80 
0.2 


250 
• 
• 
• 
• 
I 
E,F 
80 
0.2 


250 
• 
• 
• 
• 
M1883 
E,F 
80 
0.3 


300 · · 
• 
• 
M/883 
E,F 
80 
0.3 


350 · · 
• 
• 
M/883 
E,F 
80 
0.3 


SMD Number for AT28C256 


5962-88525 
06 
150 
• · 
• 
• 
M/883 
80 
0.35 
5962-8852507 
150 
• 
• 
• 
• 
M/883 
F 
80 
0.35 
5962-88525 
04 
200 · · 
• 
• 
M/883 
80 
0.35 
5962-88525 
03 
250 
• 
• 
• 
• 
M/883 
80 
0.35 
5962-88525 
05 
250 
• 
• 
• 
• 
M/883 
E 
80 
0.35 
5962-88525 
02 
300 
• 
• 
• 
• 
M/883 
80 
0.35 
5962-8852501 
350 
• 
• 
• 
• 
M/883 
80 
0.35 


• 


Package 
Type 


D 
28D6, 28 Lead, 0.600" Wide, Non-Windowed, 
Ceramic Duallnline 
Package (Cerdip) 


F 
28F, 28 Lead, Non-Windowed, 
Ceramic Bottom-Brazed 
Flat Package (Flatpack) 


J 
32J, 32 Lead, Plastic J-Leaded 
Chip Carrier (PLCC) 


L 
32L, 32 Pad, Non-Windowed, 
Ceramic Leadless Chip Carrier (LCC) 


P 
28P6, 28 Lead, 0.600" Wide, Plastic Duallnline 
Package (PDIP) 


T 
28T, 28 Lead, Plastic Thin Small Outline Package (TSOP) 


U 
28U, 28 Pin, Ceramic Pin Grid Array (PGA) 


W 
Die 


Temperature 
Range 


C 
Commercial 
(O°C to 70°C) 
I 
Industrial 
(-40°C to 85°C) 


M/883 
MIL-STD-883C, 
Class B, Fully Compliant 
(-55°C to 125°C) 


Options 


Blank 
Standard 
Device: Endurance = 10K Write Cycles; Write Time = 2 ms 


E 
High Endurance 
Option: Endurance = 100K Write Cycles 


F 
Fast Write Option: Write Time = 3ms 
I 


AlmEL 


AlmEL 


AT28HC256 
see page 2-159 


Organization: 32K x B 
Speed 
Package 
Temperature 
Ice (mA) 


No. of Pins: 
DIP2B. 
(n8) 
D 
F 
J 
L 
P 
T 
U 
Range 
Option 
Active 
Standby 
LCC32. 


70 
C 
E, F 
80 
60 
TSOP2B, 
• 
• 
• 


PGA2B 
70 
• 
• 
I 
E,F 
80 
60 


90 
• 
• 
C 
E,F 
80 
60 


90 
• 
• 
• 
• 
I 
E,F 
80 
60 
90 
• 
• 
• 
• 
M/883 
E,F 
80 
60 


120 
• 
• 
• 
• 
• 
C 
E,F 
80 
60 


120 
• 
• 
• 
• 
• 
I 
E,F 
80 
60 


120 
• 
• 
• 
M/883 
E,F 
80 
60 


SMD Number for AT28HC256 


5962-88634 
03 
M/883 
60 
5962-88634 
04 
M/883 
60 


Package 
Type 


D 
2806, 28 Lead, 0.600" Wide, Non-Windowed, 
Ceramic Duallnline 
Package (Cerdip) 


F 
28F, 28 Lead, Non-Windowed, 
Ceramic Bottom-Brazed 
Flat Package (Flatpack) 
J 
32J, 32 Lead, Plastic J-Leaded 
Chip Carrier (PLCC) 


L 
32L, 32 Pad, Non-Windowed, 
Ceramic Leadless Chip Carrier (LCC) 


P 
28P6, 28 Lead, 0.600" Wide, Plastic Duallnline 
Package (PDIP) 


T 
28T, 28 Lead, Plastic Thin Small Outline Package (TSOP) 


U 
28U, 28 Pin, Ceramic Pin Grid Array (PGA) 


Temperature 
Range 


C 
Commercial 
(O°C to 70°C) 
I 
Industrial 
(-40°C to 85°C) 


M/883 
MIL-STD-883C, 
Class B, Fully Compliant 
(-55°C to 125°C) 


Options 


Blank 
Standard 
Device: Endurance = 10K Write Cycles; Write Time = 10 ms 
E 
High Endurance 
Option: Endurance = 100K Write Cycles 


F 
Fast Write Option: Write Time = 3 ms 


AT28HC256L 


Organization: 32K x 8 
Speed 
Package 


No. of Pins: 
DIP 28, 
ens) 
0 
F 
J 
L 
P 
U 
W 


LCC32, 


90 
PGA28 
• 
• 
• 
• 
90 
• 
• 
• 
• 
120 
• 
• 
• 
• 
• 
120 
• 
• 
• 
• 
120 
• 
• 
• 
• 


SMD Number for AT28HC256L 


5962-8863401 
5962-88634 
02 


Temperature 
Range 
Option 


Icc(mA) 
Active 
Standby 


C 
I 
C 
I 
M/883 


E,F 
E, F 
E,F 
E,F 
E,F 


M/883 
M/883 


Package 
Type 


0 
28D6, 28 Lead, 0.600" Wide, Non-Windowed, 
Ceramic Duallnline 
Package (Cerdip) 


F 
28F, 28 Lead, Non-Windowed, 
Ceramic Bottom-Brazed 
Flat Package (Flatpack) 
J 
32J, 32 Lead, Plastic J-Leaded Chip Carrier (PLCC) 


L 
32L, 32 Pad, Non Windowed, 
Ceramic Leadless Chip Carrier (LCC) 


P 
28P6, 28 Lead, 0.600" Wide, Plastic Duallnline 
Package (PDIP) 


U 
28U, 28 Pin, Ceramic Pin Grid Array (PGA) 


W 
Die 


Temperature 
Range 


C 
Commercial 
(O°C to 70°C) 
I 
Industrial 
(-40°C to 85°C) 


M/883 
MIL-STD-883C, 
Class B, Fully Compliant 
(-55°C to 125°C) 


Options 


Blank 
Standard 
Device: Endurance = 10K Write Cycles; Write Time = 10 ms 


E 
High Endurance 
Option: Endurance = 1OOKWrite Cycles 


F 
Fast Write Option: Write Time = 3 ms 


AlmEL 


• 


AT28C1024 
see page 2-173 


Organization: 64K x 16 
Speed 
Package 
Temperature 
Icc(mA) 


No. of Pins: 
DIP 40, 
(ns) 
B 
L 
W 
Range 
Active 
Standby 


LCC44 
120 
• 
• 
C 
100 
0.4 


120 
• 
• 
I 
100 
0.4 


150 
• 
• 
C 
100 
0.4 


150 
• 
• 
I 
100 
0.4 


150 
• 
• 
M 
100 
0.4 


150 
• 
• 
M/883 
100 
0.4 


200 
• 
• 
C 
100 
0.4 


200 
• 
• 
I 
100 
0.4 


200 
• 
• 
M 
100 
0.4 


200 
• 
• 
M/883 
100 
0.4 


250 
• 
• 
• 
C 
100 
0.4 


250 
• 
• 
I 
100 
0.4 


250 
• 
• 
M 
100 
0.4 


250 
• 
• 
M/883 
100 
0.4 


Package 
Type 


B 
40B, 40 Lead, 0.600" Wide, Ceramic Side Braze Duallnline 
(Side Braze) 
L 
44L, 44 Pad, Non-Windowed, 
Ceramic Leadless Chip Carrier (LCC) 


W 
Die 


Temperature 
Range 


C 
Commercial 
(O°C to 70°C) 
I 
Industrial 
(-40°C to 85°C) 


M 
Military 
(-55°C to 125°C) 


M/883 
MIL-STD-883C, 
Class B, Fully Compliant 
(-55°C to 125°C) 


• 
AT28C010 
see page 2-183 


Organization: 128K x 8 
Speed 
Package 
Temperature 
Icc(mA) 
No. of Pins: 
DIP 32, 
(ns) 
B 
F 
L 
U 
V 
W 
Range 
Option 
Active 
Standby 
LCC44 
C 
E 
80 
0.3 
120 
• 
• 
• 
120 
• 
• 
• 
I 
E 
80 
0.3 
120 
• 
• 
• 
M 
E 
80 
0.3 
120 
• · · 
M/883 
E 
80 
0.3 
150 
• 
• 
• 
• 
• 
C 
E 
80 
0.3 
150 
• 
• 
• 
• 
• 
I 
E 
80 
0.3 
150 
• 
• 
• 
• 
• 
M 
E 
80 
0.3 
150 
• 
• 
• 
• 
M/883 
E 
80 
0.3 
200 · • 
• 
• 
• 
C 
E 
80 
0.3 
200 
• · • 
• 
• 
I 
E 
80 
0.3 
200 
• 
• 
• 
• · 


M 
E 
80 
0.3 
200 
• 
• · • 
M/883 
E 
80 
0.3 
250 
• 
• 
• 
• 
• 
• 
C 
E 
80 
0.3 
250 · • 
• 
• 
• 
I 
E 
80 
0.3 
250 
• 
• 
• 
• 
• 
M 
E 
80 
0.3 
250 · 
• 
• 
• 
M/883 
E 
80 
0.3 


SMD Number for AT28C010 


5962-38267 
07 M 
120 
• · · 


M/883 
80 
0.3 
5962-38267 
05 M 
150 
• 
• 
• 
M/883 
80 
0.3 
5962-38267 
03 M 
200 
• 
• 
• 
M/883 
80 
0.3 
5962-38267 
01 M 
250 
• 
• 
• 
M/883 
80 
0.3 


Package 
Type 


B 
32B, 32 Lead, 0.600" Wide Ceramic Side Braze Duallnline 
(Side Braze) 


F 
32F, 32 Lead, Non-Windowed, 
Ceramic Bottom-Brazed 
Flat Package (Flatpack) 


L 
44L, 44 Pad, Non-Windowed, 
Ceramic Leadless Chip Carrier (LCC) 


U 
30U, 30 Pin, Ceramic Pin Grid Array (PGA) 


V 
Tape Automated 
Bond (TAB) Carrier 


W 
Die 


Temperature 
Range 


C 
Commercial 
(O°C to 70°C) 
I 
Industrial 
(-40°C to 85°C) 


M 
Military 
(-55°C to 125°C) 


M/883 
MIL-STD-883C, 
Class B, Fully Compliant 
(-55°C to 125°C) 


Options 


Blank 
Standard 
Device: Endurance = 10K Write Cycles; Write Time = 2 ms 


E 
High Endurance 
Option: Endurance = lOOK Write Cycles 


AlmEL 


AlmEL 


AT28MC020 
see page 2-195 


Organization: 256K x 8 
Speed 
Package 
Temperature 
Icc(mA) 


No. of Pins: 
DIP 32 
(n8) 
Z 
Range 
Active 
Standby 


150 
• 
C 
80 
0.5 


150 
• 
I 
80 
0.5 


150 
• 
M 
80 
0.5 


150 
· 
MB 
80 
0.5 


200 
• 
C 
80 
0.5 


200 
• 
I 
80 
0.5 


200 
• 
M 
80 
0.5 


200 
• 
MB 
80 
0.5 


250 
• 
C 
80 
0.5 


250 
• 
I 
80 
0.5 


250 
· 
M 
80 
0.5 


250 
· 
MB 
80 
0.5 


Package 
Type 


Z 
32Z, 32 Lead, Non-Windowed, 
Ceramic Ouallnline 
3206 Compatible 
Multi-Chip 
Module (MCM) 


Temperature 
Range 


C 
Commercial 
(DOCto 70°C) 


I 
Industrial 
(-40°C to 85°C) 
M 
Military 
(-55°C 10 125°C) 
MB 
Screened 
lAW M5004, MIL-STO-883C, 
Class B Components 
(-55°C to 125°C) 


• 
AT28MC040 
see page 2-205 


Organization: 512K x 8 
Speed 
Package 
Temperature 
Icc(mA) 
No. of Pins: 
DIP 32 
(ns) 
M(1) 
z<2) 
Range 
Active 
Standby 


150 
• 
• 
C 
80 
0.5 
150 
• 
• 
I 
80 
0.5 
150 
• 
• 
M 
80 
0.5 
150 
• 
• 
MB 
80 
0.5 
200 
• 
• 
C 
80 
0.5 
200 
• 
• 
I 
80 
0.5 
200 
• 
• 
M 
80 
0.5 
200 
• 
• 
MB 
80 
0.5 
250 
• 
• 
C 
80 
0.5 
250 
• 
• 
I 
80 
0.5 
250 
• 
• 
M 
80 
0.5 
250 
• 
• 
MB 
80 
0.5 


Package 
Type 


M 
32M2, 32 Lead, Non-Windowed, 
Ceramic Ouallnline 
3206 Compatible 
Flatpack Module (Module) 


Z 
32Z, 32 Lead, Non-Windowed, 
Ceramic Ouallnline 
3206 Compatible 
Multi-Chip 
Module (MCM) 


Temperature 
Range 


C 
Commercial 
(O°C to 70°C) 
I 
Industrial 
(-40°C to 85°C) 


M 
Military 
(-55°C to 125°C) 
MB(1,2) 
High Reliability Military 
(-55°C to 125°C) 


Notes: 
1. Device package and temperature combinations designated MMB are modules comprised of individual microcircuits 


compliant with MIL-STD-883, for Class B components. 


2. Device package and temperature combinations designated 2MB are multichip microcircuits that have been screened 


in accordance with Method 5004 ofMIL-STD-883. 


AlmEL 


AlmEL 


AT29C256 
see page 3-3 


Organization: 32K x 8 
Speed 
Package 
Temperature 
Power 
Ice (mA) 


No. of Pins: 
DIP 28, 
(n9) 
D 
J 
L 
P 
T 
Range 
Supply 
Active 
Standby 


LCC32, 


90 
C 
10% 
80 
0.3 
TSOP28 
• 
• 
• 
120 
· • 
• 
• 
• 
C 
10% 
80 
0.3 


120 
• 
• 
• 
• 
I 
10% 
80 
0.3 


120 
· 
• 
M 
10% 
80 
0.3 


120 
• 
• 
M/883 
10% 
80 
0.3 


150 
· • 
• 
• 
• 
C 
10% 
80 
0.3 


150 
• 
• 
• 
• 
I 
10% 
80 
0.3 


150 
• 
• 
M 
10% 
80 
0.3 


150 
• 
• 
M/883 
10% 
80 
0.3 
, 
200 
• 
• 
• 
• 
C 
10% 
80 
0.3 


200 
• 
• 
• 
• 
I 
10% 
80 
0.3 


200 
• 
• 
M 
10% 
80 
0.3 


200 
• 
• 
M/883 
10% 
80 
0.3 


250 
• 
• 
• · 
C 
10% 
80 
0.3 


250 
• · · · 
I 
10% 
80 
0.3 


250 
• 
· 
M 
10% 
80 
0.3 


250 
• 
• 
M/883 
10% 
80 
0.3 


Package 
Type 
0 
28D6, 28 Lead, 0.600" Wide, Non-Windowed, 
Ceramic Duallnline 
Package (Cerdip) 
J 
32J, 32 Lead, Plastic J-Leaded Chip Carrier (PLCC) 


L 
32L, 32 Pad, Non-Windowed, 
Ceramic Leadless Chip Carrier (LCC) 


P 
28P6, 28 Lead, 0.600" Wide, Plastic Duallnline 
Package PDIP) 


T 
28T, 28 Lead, Plastic Thin Small Outline Package (TSOP) 


Temperature 
Range 


C 
Commercial 
(O°C to 70°C) 


I 
Industrial 
(-40°C to 85°C) 


M 
Military 
(-55°C to 125°C) 


M/883 
MIL-STD-883C, 
Class B, Fully Compliant 
(-55°C to 125°C) 


AT29LV256 
see page 3-17 


Organization: 32K x 8 
Speed 
Package 
Temperature 
Power 
Ice (mA) 


No. of Pins: 
DIP 28, 
(n8) 
D 
J 
P 
T 
Range 
Supply 
Active 
Standby 
LCC32, 


200 
C 
10% 
15 
0.02 
TSOP 28 
• 
• 
• 
• 
200 
• 
• 
• 
I 
10% 
15 
0.02 
250 
• 
• 
• 
• 
C 
10% 
15 
0.02 
250 
• 
• 
• 
I 
10% 
15 
0.02 


Package 
Type 


0 
28D6, 28 Lead, 0.600" Wide, Non-Windowed, 
Ceramic Duallnline 
Package (Cerdip) 


J 
32J, 32 Lead, Plastic J-Leaded Chip Carrier (PLCC) 


P 
28P6, 28 Lead, 0.600" Wide, Plastic Duallnline 
Package (PDIP) 


T 
28T, 28 Lead, Plastic Thin Small Outline Package (TSOP) 


Temperature 
Range 


C 
Commercial 
(O°C to 70°C) 


I 
Industrial 
(-40°C to 85°C) 


AlmEL 


• 


AlmEL 


AT29C257 
see page 3-27 


Organization: 32K x 8 
Speed 
Package 
Temperature 
Power 
Ice (mA) 


No. of Pins: 
DIP 32. 
(ns) 
0 
J 
L 
P 
Range 
Supply 
Active 
Standby 


LCC32 
C 
10% 
80 
0.3 
90 
• 
• 
• 
120 
• 
• 
• 
• 
C 
10% 
80 
0.3 


120 
• 
• 
• 
• 
I 
10% 
80 
0.3 


150 
• 
• 
• 
• 
C 
10% 
80 
0.3 


150 
• · • 
• 
I 
10% 
80 
0.3 


200 
• 
• 
• 
• 
C 
10% 
80 
0.3 


200 
• 
• 
• 
• 
I 
10% 
80 
0.3 


250 
• 
• 
• 
• 
C 
10% 
80 
0.3 


250 
• 
• 
• 
• 
I 
10% 
80 
0.3 


Package 
Type 


D 
3206,32 
Lead, 0.600" Wide, Non-Windowed, 
Ceramic Ouallnline 
Package (Cerdip) 
J 
32J, 32 Lead, Plastic J-Leaded Chip Carrier (PLCC) 


L 
32L, 32 Pad, Non Windowed, 
Ceramic Leadless Chip Carrier (LCC) 


P 
32P6, 32 Lead, 0.600" Wide, Plastic Ouallnline 
Package (POIP) 


Temperature 
Range 
C 
I 
Commercial 
(O°C to 70°C) 


I 
Industrial 
(-40°C to 85°C) 


AT29C512 
see page 3-39 


Organization: 64K x 8 
Speed 
Package 
Temperature 
Power 
Icc(mA) 
No. of Pins: 
DIP 32. 
(ns) 
D 
J 
P 
T 
Range 
Supply 
Active 
Standby 
LCC32. 
90 
C 
10% 
50 
0.1 
TSOP32 
• 
• 
• 
90 
• 
• 
• 
I 
10% 
50 
0.3 
120 
• 
• 
• 
• 
C 
10% 
50 
0.1 
120 
• 
• 
• 
I 
10% 
50 
0.3 
120 
• 
M 
10% 
50 
0.3 
120 
• 
M/883 
10% 
50 
0.3 
150 
· • 
• 
• 
C 
10% 
50 
0.1 
150 
• 
• 
• 
I 
10% 
50 
0.3 
150 
· 
M 
10% 
50 
0.3 
150 
• 
M/883 
10% 
50 
0.3 
200 
• 
• 
• 
C 
10% 
50 
0.1 
200 
• 
• 
• 
I 
10% 
50 
0.3 
200 
• 
M 
10% 
50 
0.3 
200 
• 
M/883 
10% 
50 
0.3 


• 


Package 
Type 


D 
32D6. 32 Lead. 0.600" Wide. Non-Windowed. 
Ceramic Duallnline 
Package (Cerdip) 


J 
32J. 32 Lead, Plastic J-Leaded Chip Carrier (PLCC) 


P 
32P6, 32 Lead, 0.600" Wide, Plastic Duallnline 
Package (PDIP) 
, 


T 
32T, 32 Lead, Plastic Thin Small Outline Package (TSOP) 


Temperature 
Range 


C 
Commercial 
(O°C to 70°C) 


I 
Industrial 
(-40°C to 85°C) 


M 
Military 
(-55°C to 125°C) 


M/883 
MIL-STD-883C, 
Class B, Fully Compliant 
(-55°C to 125°C) 


AlmEL 


AlmEL 


AT29LV512 
see page 3-53 


Organization: 64K x 8 
Speed 
Package 
Temperature 
Power 
Icc(mA) 


No. of Pins: 
DIP 32, 
(ns) 
0 
J 
P 
T 
Range 
Supply 
Active 
Standby 


LCC32, 
200 
C 
10% 
15 
0.02 
TSOP32 
• 
• 
• 
• 
200 
• 
• 
• 
I 
10% 
15 
0.05 


250 
• 
• 
• 
• 
C 
10% 
15 
0.02 


250 
• 
• 
• 
I 
10% 
15 
0.05 


Package 
Type 


D 
32D6, 32 Lead, 0.600" Wide, Non-Windowed, 
Ceramic Duallnline 
Package (Cerdip) 
J 
32J, 32 Lead, Plastic J-Leaded Chip Carrier (PLCC) 


P 
32P6, 32 Lead, 0.600" Wide, Plastic Duallnline 
Package (PDIP) 


T 
32T, 32 Lead, Plastic Thin Small Outline Package (TSOP) 


Temperature 
Range 
C 
Commercial 
(O°C to 70°C) 
I 
Idustrial 
(-40°C to 85°C) 


• 
AT29C010 
see page 3-63 


Organization: 128Kx 8 
Speed 
Package 
Temperature 
Power 
Icc(mA) 
No. of Pins: 
DIP 32, 
(ns) 
0 
J 
L 
P 
T 
Range 
SUpply 
Active 
Standby 
LCC32. 


90 
C 
10% 
50 
0.1 
TSOP32 
• 
• 
• 
• 
90 
• 
• 
• 
• 
I 
10% 
50 
0.3 


120 
• 
• 
• 
• 
• 
C 
10% 
50 
0.1 


120 
• 
• 
• 
• 
I 
10% 
50 
0.3 


120 
• 
• 
M 
10% 
50 
0.3 


120 
• 
• 
M/883 
10% 
50 
0.3 


150 
• 
• 
• 
• 
• 
C 
10% 
50 
0.1 


150 
• 
• 
• 
• 
I 
10% 
50 
0.3 


150 
• 
• 
M 
10% 
50 
0.3 


150 
• 
· 
M/883 
10% 
50 
0.3 


200 
· • 
• 
• 
C 
10% 
50 
0.1 


200 
• 
• 
• 
• 
I 
10% 
50 
0.3 


200 
• 
• 
M 
10% 
50 
0.3 


200 
• 
• 
M/883 
10% 
50 
0.3 


Package 
Type 


0 
32D6. 32 Lead, 0.600" Wide, Non-Windowed, 
Ceramic Duallnline 
Package (Cerdip) 


J 
32J, 32 Lead, Plastic J-Leaded 
Chip Carrier (PLCC) 


L 
32L, 32 Pad, Non-Windowed, 
Ceramic Leadless Chip Carrier (LCC) 


P 
32P6, 32 Lead, 0.600" Wide, Plastic Duallnline 
Package (PDIP) 


T 
32T, 32 Lead, Plastic Thin Small Outline Package (TSOP) 


Temperature 
Range 


C 
Commercial 
(O°C to 70°C) 
I 
Industrial 
(-40°C to 85°C) 


M 
Military 
(-55°C to 125°C) 


M/883 
MIL-STD-883C, 
Class B, Fully Compliant 
(-55°C to 125°C) 


AlmEL 


A1IDEL 


AT29LV010 
see page 3-77 


Organization: 12BKx 8 
Speed 
Package 
Temperature 
Power 
Ice (mA) 


No. of Pins: 
DIP 32, 
(ns) 
0 
J 
P 
T 
Range 
SUpply 
Active 
Standby 


LCC32, 


200 
C 
10% 
15 
0.02 
TSOP32 
• 
• 
• 
• 
200 
• 
• 
• 
I 
10% 
15 
0.02 


250 
• 
• 
• 
• 
C 
10% 
15 
0.02 


250 
• 
• 
• 
I 
10% 
15 
0.02 


Package 
Type 


D 
32D6, 32 Lead, 0.600" Wide, Non-Windowed, 
Ceramic Duallnline 
Package (Cerdip) 
J 
32J, 32 Lead, Plastic J-Leaded Chip Carrier (PLCC) 


P 
32P6, 32 Lead, 0.600" Wide, Plastic Duallnline 
Package (PDIP) 


T 
32T, 32 Lead, Plastic Thin Small Outline Package (TSOP) 


Temperature 
Range 


C 
Commercial 
(O°C to 70°C) 
I 
Industrial 
(-40°C to 85°C) 
, 


• 
AT27C256R 
see page 4-3 


Organization: 32K x 8 
Speed 
Package 
Temperature 
Power 
Icc(mA) 
No. of Pins: 
DIP 28. 
(ns) 
0 
J 
K 
L 
P 
R 
T 
Range 
Supply 
Active 
Standby 
LCC32. 


70 
C 
10% 
20 
0.1 
TSOP28 
• 
• 
• 
70 
• 
• 
• 
I 
10% 
25 
0.2 


90 
• 
• 
• 
• 
• 
• 
• 
C 
10% 
20 
0.1 


90 
• 
• 
• 
• 
• 
• 
I 
10% 
25 
0.2 


90 · 
• 
• 
M 
10% 
25 
0.2 


90 
• 
• 
• 
M/883 
10% 
25 
0.2 


120 
• 
• 
• 
• 
• 
• 
• 
C 
10% 
20 
0.1 


120 
• 
• 
• 
• 
• 
• 
I 
10% 
25 
0.2 


120 
• 
• 
• 
M 
10% 
25 
0.2 


120 
• 
• 
• 
M/883 
10% 
25 
0.2 


150 
• 
• 
• 
• 
• 
• 
• 
C 
10% 
20 
0.1 


150 
• 
• 
• 
• 
• 
• 
I 
10% 
25 
0.2 


150 
• 
· · 
M 
10% 
25 
0.2 


150 
• 
• 
• 
M/883 
10% 
25 
0.2 


200 
• 
• 
• 
• 
• 
• 
• 
C 
10% 
20 
0.1 


200 
• 
• 
• 
• 
• 
• 
I 
10% 
25 
0.2 


200 
• 
• 
• 
M 
10% 
25 
0.2 


200 
• 
· • 
M/883 
10% 
25 
0.2 


250 
• 
• 
• · · · • 
C 
10% 
20 
0.1 


250 · • · • 
• 
• 
I 
10% 
25 
0.2 
250 
• 
• 
• 
M 
10% 
25 
0.2 


250 
• 
• 
• 
M/883 
10% 
25 
0.2 


Package 
Type 


D 
28DW6. 28 Lead, 0.600" Wide, Windowed, 
Ceramic Duallnline 
Package (Cerdip) 


J 
32J, 32 Lead, Plastic J-Leaded 
Chip Carrier OTP (PLCC) 


K 
32KW. 32 Lead, Windowed, 
Ceramic J-Leaded Chip Carrier OTP (JLCC) 


L 
32LW, 32 Pad, Windowed, 
Ceramic Leadless Chip Carrier (LCC) 


p 
28P6, 28 Lead, 0.600" Wide, Plastic Duallnline 
Package OTP (PDIP) 


R 
28R, 28 Lead, 0.330" Wide, Plastic Gull Wing Small Outline OTP (SOl C) 


T 
28T, 28 Lead, Plastic Thin Small Outline Package OTP (TSOP) 


Temperature 
Range 


C 
Commercial 
(O°C to 70°C) 
I 
Industrial 
(-40°C to 85°C) 


M 
Military 
(-55°C to 125°C) 


M/883 
MIL-STD-883C. 
Class B, Fully Compliant 
(-55°C to 125°C) 


AlmEL 


AlmEL 


AT27C256R (Continued) 
see page 4-3 


Organization: 32K x 8 
Speed 
Package 
Temperature 
Power 
Icc(mA) 


(ns) 
0 
J 
K 
L 
P 
R 
T 
Range 
Supply 
Active 
Standby 


SMD Number for part AT27C256R 


5962-86063 
07 
90 
• 
• 
• 
M/883 
10% 
25 
0.2 
5962-86063 
06 
120 
• 
• 
• 
M/883 
10% 
25 
0.2 


5962-86063 
05 
150 
• 
• 
• 
M/883 
10% 
25 
0.2 
5962-86063 
04 
170 
• 
• 
• 
M/883 
10% 
25 
0.2 


5962-86063 
01 
200 
• 
• 
• 
M/883 
10% 
25 
0.2 
5962-86063 
02 
250 
• 
• 
• 
M/883 
10% 
25 
0.2 
5962-86063 
03 
300 
• 
• · 
M/883 
10% 
25 
0.2 


Package 
Type 
0 
28DW6, 28 Lead, 0.600" Wide, Windowed, 
Ceramic Duallnline 
Package (Cerdip) 
J 
32J, 32 Lead, Plastic J-Leaded Chip Carrier OTP (PLCC) 


K 
32KW, 32 Lead, Windowed, 
Ceramic J-Leaded Chip Carrier OTP (JLCC) 


L 
32LW, 32 Pad, Windowed, 
Ceramic Leadless Chip Carrier (LCC) 


P 
28P6, 28 Lead, 0.600" Wide, Plastic Dual Inline Package OTP (PDIP) 


R 
28R, 28 Lead, 0.330" Wide, Plastic Gull Wing Small Outline OTP (SOl C) 


T 
28T, 28 Lead, Plastic Thin Small Outline Package OTP (TSOP) 


Temperature 
Range 


C 
Commercial 
(O°C to 70°C) 


I 
Industrial 
(-40°C to 85°C) 


M 
Military 
(-55°C to 125°C) 


M/883 
MIL-STD-883C, 
Class B, Fully Compliant 
(-55°C to 125°C) 


AT27LV256R 
see page 4-13 


Organization: 32K x 8 
Speed 
Package 
Temperature 
Icc(mA)(l) 
No. of Pins: 
DIP 28, 
(ns) 
0 
J 
K 
L 
P 
R 
T 
Range 
Active 
Standby 


LCC32, 


200 
C 
8 
0.1 
SOlC28, 
• 
• 
• 
• 
• 
• 
• 


TSOP28 
200 
• 
• 
• 
I 
10 
0.1 


250 
• 
• 
• 
• 
• 
• 
• 
C 
8 
0.1 


250 
• 
• 
• 
I 
10 
0.1 • 


Package 
Type 


D 
28DW6, 28 Lead, 0.600" Wide, Windowed, 
Ceramic Duallnline 
Package (Cerdip) 


J 
32J, 32 Lead, Plastic J-Leaded 
Chip Carrier OTP (PLCC) 


K 
32KW, 32 Lead, Windowed 
Ceramic J-Leaded Chip Carrier (JLCC) 


L 
32LW, 32 Pad, Windowed, 
Ceramic Leadless Chip Carrier (LCC) 
- 


P 
28P6, 28 Lead, 0.600" Wide, Plastic Duallnline 
Package OTP (PDIP) 


R 
28R, 28 Lead, 0.330" Wide, Plastic Gull Wing Small Outline OTP (SOl C) 


T 
28T, 28 Lead, Plastic Thin Small Outline Package OTP (TSOP) 


Temperature 
Range 


C 
I 
Commercial 
(O°C to 70°C) 


I 
I 
Industrial 
(-40°C to 85°C) 


AlmEL 


AlmEL 


AT27HC256R 
Refer to AT27C256R for new designs. 
see page 4-21 


Organization: 32K x 8 
Speed 
Package 
Temperature 
Power 
Icc(mA) 


No. of Pins: 
DIP 28. 
(ns) 
0 
K 
L 
Range 
SUpply 
Active 
Standby 
LCC32 
55 
• 
• 
• 
C 
10% 
50 
30 


55 
• 
• 
• 
I 
10% 
55 
30 


70 
• 
• 
• 
I 
10% 
55 
30 


70 
· • 
• 
M 
10% 
55 
30 


70 
• 
• 
• 
M/883 
10% 
55 
30 


SMD Number for AT27HC256R 


5962-86063 
08 
70 
• 
• 
M/883 
10% 
55 
30 


Package 
Type 
0 
28DW6, 28 Lead, 0.600" Wide, Windowed, 
Ceramic Duallnline 
Package (Cerdip) 


K 
32KW, 32 Lead, Windowed, 
Ceramic J-Leaded Chip Carrier (JLCC) 
L 
32LW, 32 Pad, Windowed, 
Ceramic Leadless Chip Carrier (LCC) 


Temperature 
Range 


C 
Commercial 
(O°C to 70°C) 


I 
Industrial 
(-40°C to 85°C) 


M 
Military 
(-55°C to 125°C) 


M/883 
MIL-STD-883C, 
Class B, Fully Compliant 
(-55°C to 125°C) 


• 
AT27C512R 
see page 4-27 


Organization: 64K x 8 
Speed 
Package 
Temperature 
Power 
Icc(mA) 
No. of Pins: 
DIP 28, 
(n8) 
0 
J 
K 
L 
P 
R 
T 
Range 
Supply 
Active 
Standby 


LCC32, 


90 
C 
10% 
20 
0.1 
SOlC28, 
• 
• 
• 
• 
• 
• 
• 


TSOP28 
90 
• 
• 
• 
• 
• 
• 
I 
10% 
25 
0.2 


90 
• 
• 
• 
M 
10% 
25 
0.2 


120 
• 
• 
• 
• 
• 
• 
• 
C 
10% 
20 
0.1 


120 
• 
• 
• 
• 
• 
• 
I 
10% 
25 
0.2 


120 · 
• 
• 
M 
10% 
25 
0.2 
120 
• 
• 
• 
M/883 
10% 
25 
0.2 


150 
• 
• 
• 
• 
• 
• 
• 
C 
10% 
20 
0.1 


150 
• 
• 
• 
• 
• 
• 
I 
10% 
25 
0.2 


150 
• 
• 
• 
M 
10% 
25 
0.2 


150 
• 
• 
• 
M/883 
10% 
25 
0.2 


200 
• 
• 
• 
• 
• 
• 
C 
10% 
20 
0.1 


200 · • 
• 
• 
• 
• 
I 
10% 
25 
0.2 


200 
• 
• 
• 
M 
10% 
25 
0.2 


200 
• 
• 
• 
M/883 
10% 
25 
0.2 


250 
• 
• 
• 
• · • 
C 
10% 
20 
0.1 


250 
• · · · • 
• 
I 
10% 
25 
0.2 


250 
• 
• 
• 
M 
10% 
25 
0.2 


250 
• 
• 
• 
M/883 
10% 
25 
0.2 


SMD Number for AT27C512R 


5962-87648 
04 
120 · 
· • 
M/883 
10% 
25 
0.2 
5962-87648 
01 
150 
• 
• 
• 
M/883 
10% 
25 
0.2 
5962-87648 
02 
200 · 
• 
• 
M/883 
10% 
25 
0.2 
5962-87648 
03 
250 
• 
• 
• 
M/883 
10% 
25 
0.2 


Package 
Type 


D 
28DW6, 28 Lead, 0.600" Wide, Windowed, 
Ceramic Duallnline 
Package (Cerdip) 


J 
32J, 32 Lead, Plastic J-Leaded Chip Carrier OTP (PLCC) 


K 
32KW, 32 Lead, Windowed, 
Ceramic J-Leaded Chip Carrier OTP (JLCC) 


L 
32LW, 32 Pad, Windowed, 
Ceramic Leadless Chip Carrier (LCC) 


P 
28P6, 28 Lead, 0.600" Wide, Plastic Duallnline 
Package OTP (PDIP) 


R 
28R, 28 Lead, 0.330" Wide, Plastic Gull Wing Small Outline OTP (SOIC) 


T 
28T, 28 Lead, Plastic Thin Small Outline Package OTP (TSOP) 


Temperature 
Range 


C 
Commercial 
(O°C to 70°C) 
I 
Industrial 
(-40°C to 85°C) 


M 
Military 
(-55°C to 125°C) 


M/883 
MIL-STD-883C, 
Class B, Fully Compliant 
(-55°C to 125°C) 


AlmEL 


AlmEL 


AT27LV512R 
see page 4-35 


Organization: 64K x 8 
Speed 
Package 
Temperature 
Ice (mA)(1) 


No. of Pins: 
DIP 28. 
(ns) 
D 
J 
K 
L 
P 
R 
T 
Rsnge 
Active 
Standby 
LCC32. 
200 
C 
8 
0.1 
SOIC28. 
• 
• 
• 
• 
• 
• 
• 


TSOP28 
200 
• 
• 
• 
I 
10 
0.1 


250 
• 
• 
• 
• 
• 
• 
• 
C 
8 
0.1 


250 
• 
• 
• 
I 
10 
0.1 


Package 
Type 
0 
28DW6, 28 Lead, 0.600" Wide, Windowed, 
Ceramic Duallnline 
Package (Cerdip) 
J 
32J, 32 Lead, Plastic J-Leaded 
Chip Carrier OTP (PLCC) 


K 
32KW, 32 Lead, Windowed 
Ceramic J-Leaded Chip Carrier (JLCC) 
L 
32LW, 32 Pad. Windowed, 
Ceramic Leadless Chip Carrier (LCC) 


P 
28P6, 28 Lead, 0.600" Wide, Plastic Duallnline 
Package OTP (PDIP) 


R 
28R, 28 Lead, 0.330" Wide, Plastic Gull Wing Small Outline OTP (SOl C) 


T 
28T, 28 Lead, Plastic Thin Small Outline Package OTP (TSOP) 


Temperature 
Range 


C 
Commercial 
(O°C to 70°C) 


I 
Industrial 
(-40°C to 85°C) 


AT27C010 
see page 4-43 


Organization: 128K x 8 
Speed 
Package 
Temperature 
Power 
Icc(mA) 
No. of Pins: 
DIP 32, 
(ns) 
D 
J 
K 
L 
P 
R 
T 
Range 
Supply 
Active 
Standby 
LCC32. 
100 
C 
5% 
40 
0.1 
SOIC32, 
• 
• 
• 


TSOP 32 
120 
• 
• 
• 
• 
• 
• 
• 
C 
10% 
40 
0.1 
120 
• 
• 
• 
• 
• 
• 
I 
10% 
50 
0.1 
120 
• 
• 
• 
M 
10% 
50 
0.1 
120 
• 
• 
• 
M/883 
10% 
50 
0.1 
150 
• 
• 
• 
• 
• 
• 
• 
C 
10% 
40 
0.1 
150 
• 
• 
• 
• 
• 
• 
I 
10% 
50 
0.1 
150 
• 
• 
• 
M 
10% 
50 
0.1 
150 
• 
• 
• 
M/883 
10% 
50 
0.1 
200 
• 
• 
• 
• 
• 
• 
C 
10% 
40 
0.1 
200 
• 
• 
• 
• 
• 
• 
I 
10% 
50 
0.1 
200 
• 
• 
• 
M 
10% 
50 
0.1 
200 
• 
• 
• 
M/883 
10% 
50 
0.1 
250 
• 
• 
• 
• 
• 
C 
10% 
40 
0.1 
250 · · • 
• 
• 
I 
10% 
50 
0.1 
250 
• 
• 
• 
M 
10% 
50 
0.1 
250 · 
• 
• 
M/883 
10% 
50 
0.1 


SMD Number for AT27C010 


5962-89614 
M 06 
120 
• 
• 
M/883 
10% 
50 
0.1 
5962-89614 
M 05 
150 
• 
M/883 
10% 
50 
0.1 
5962-89614 
M 04 
170 
• 
• 
M/883 
10% 
50 
0.1 
5962-89614 
M 03 
200 
• 
• 
M/883 
10% 
50 
0.1 
5962-89614 
M 02 
250 
• 
• 
M/883 
10% 
50 
0.1 
5962-89614 
M 01 
300 · 
• 
M/883 
10% 
50 
0.1 


Package 
Type 


D 
32DW6. 32 Lead, 0.600" Wide, Windowed, 
Ceramic Duallnline 
Package (Cerdip) 


J 
32J, 32 Lead, Plastic J-Leaded Chip Carrier OTP (PLCC) 


K 
32KW, 32 Lead, Windowed, 
Ceramic J-Leaded Chip Carrier (JLCC) 


L 
32LW, 32 Pad, Windowed, 
Ceramic Leadless Chip Carrier (LCC) 


P 
32P6, 32 Lead, 0.600" Wide, Plastic Duallnline 
Package OTP (PDIP) 


R 
32R, 32 Lead, 0.440" Wide, Plastic Gull Wing Small Outline OTP (SOIC) 


T 
32T, 32 Lead, Plastic Thin Small Outline Package OTP (TSOP) 


Temperature 
Range 


C 
Commercial 
(O°C to 70°C) 
I 
Industrial 
(-40°C to 85°C) 


M 
Military 
(-55°C to 125°C) 


M/883 
MIL-STD-883C, 
Class S, Fully Compliant 
(-55°C to 125°C) 


AlmEL 


• 


AlmEL 


AT27C010L 
see page 4-43 


Organization: 128K x 8 
Speed 
Package 
Temperature 
Power 
Icc(mA) 


No. of Pins: 
DIP 32, 
(ns) 
0 
J 
K 
L 
P 
R 
T 
Range 
Supply 
Active 
Standby 


LCC32, 


100 
C 
5% 
25 
0.1 
SOlC32, 
• 
• 
• 


TSOP32 
120 
• 
• 
• 
• 
• 
• 
• 
C 
10% 
25 
0.1 


120 
• 
• 
• 
• 
• 
• 
I 
10% 
30 
0.1 


120 
• 
• 
• 
M 
10% 
30 
0.1 


120 
• 
• · 
M/883 
10% 
30 
0.1 


150 
• 
• 
• 
• 
• 
• 
• 
C 
10% 
25 
0.1 


150 
• 
• 
• 
• 
• 
• 
I 
10% 
30 
0.1 


150 
• 
• 
• 
M 
10% 
30 
0.1 


150 
• 
• · 


, 
M/883 
10% 
30 
0.1 


200 
• 
• 
• 
• 
• 
• 
C 
10% 
25 
0.1 


200 
• 
• 
• 
• 
• 
• 
I 
10% 
30 
0.1 


200 
• 
• 
• 
M 
10% 
30 
0.1 


200 · 
· • 
M/883 
10% 
30 
0.1 


250 
• 
• 
• 
• 
• 
C 
10% 
25 
0.1 


250 
• 
• 
• 
• 
• 
I 
10% 
30 
0.1 


250 
• 
• 
• 
M 
10% 
30 
0.1 


250 
• 
· · 
M/883 
10% 
30 
0.1 


AT27CL010 
- Not recommended 
for new designs. 
Use AT27C010L 


Package 
Type 


D 
32DW6, 32 Lead, 0.600" Wide, Windowed, 
Ceramic Duallnline 
Package (Cerdip) 
J 
32J, 32 Lead, Plastic J-Leaded Chip Carrier OTP (PLCC) 


K 
32KW, 32 Lead, Windowed, 
Ceramic J-Leaded Chip Carrier (JLCC) 
L 
32LW, 32 Pad, Windowed, 
Ceramic Leadless Chip Carrier (LCC) 


P 
32P6. 32 Lead, 0.600" Wide, Plastic Duallnline 
Package OTP (PDIP) 


R 
32R, 32 Lead, 0.440" Wide, Plastic Gull Wing Small Outline OTP (SOIC) 


T 
32T, 32 Lead, Plastic Thin Small Outline Package OTP (TSOP) 


Temperature 
Range 


C 
Commercial 
(O°C to 70°C) 


I 
Industrial 
(-40°C to 85°C) 


M 
Military 
(-55°C to 125°C) 


M/883 
MIL-STD-883C, 
Class S, Fully Compliant 
(-55°C to 125°C) 


• 
AT27LV010 
see page 4-55 


Organization: 128Kx 8 
Speed 
Package 
Temperature 
Icc(mA)(l) 
No. of Pins: 
DIP 32. 
(ns) 
0 
J 
K 
L 
P 
R 
Range 
Active 
Standby 
LCC32 


C 
8 
0.1 
250 
• 
• 
• 
250 
• 
• 
I 
10 
0.1 


300 
• 
• 
• 
• 
• 
• 
C 
8 
0.1 


300 
• 
• 
I 
10 
0.1 


Package 
Type 


0 
32DW6, 32 Lead, 0.600" Wide, Windowed, 
Ceramic Duallnline 
Package (Cerdip) 


J 
32J, 32 Lead, Plastic J-Leaded Chip Carrier OTP (PLCC) 


K 
32KW, 32 Lead, Windowed, 
Ceramic J-Leaded Chip Carrier (JLCC) 


L 
32LW, 32 Pad, Windowed, 
Ceramic Leadless Chip Carrier (LCC) 


P 
32P6, 32 Lead, 0.600" Wide, Plastic Duallnline 
Package OTP (PDIP) 


R 
32R, 32 Lead, 0.450" Wide, Plastic Gull Wing Small Outline OTP (SOl C) 


Temperature 
Range 


C 
Commercial 
(O°C to 70°C) 


I 
Industrial 
(-40°C to 85°C) 


AlmEL 


AT27C1024 
see page 4-63 


Organization: 64K x 16 
Speed 
Package 
Temperature 
Power 
Ice (mA) 


No. of Pins: 
DIP 40, 
(ns) 
0 
J 
K 
L 
P 
Range 
Supply 
Active 
Standby 


LCC44 
100 
• 
• 
• 
C 
5% 
30 
0.1 


120 
• 
• 
• 
• 
• 
C 
10% 
30 
0.1 


120 
• 
• 
• 
• 
• 
I 
10% 
40 
0.1 


120 
• 
• 
• 
M 
10% 
40 
0.1 


120 
• 
• 
• 
M/883 
10% 
40 
0.1 


150 
• 
• 
• 
• 
• 
C 
10% 
30 
0.1 


150 
• 
• 
• 
• 
• 
I 
10% 
40 
0.1 


150 
• 
• 
• 
M 
10% 
40 
0.1 


150 · 
· • 
M/883 
10% 
40 
0.1 


200 
· · • 
• 
• 
C 
10% 
30 
0.1 


200 
• 
• 
• 
• 
• 
I 
10% 
40 
0.1 


200 
• 
• 
• 
M 
10% 
40 
0.1 


200 
• 
• 
• 
M/883 
10% 
40 
0.1 


250 
• 
• 
• 
• 
• 
C 
10% 
30 
0.1 


250 
• 
• 
• 
• · 
I 
10% 
40 
0.1 


250 
• 
• · 
M 
10% 
40 
0.1 


250 
· 
• 
• 
M/883 
10% 
40 
0.1 


SMD Number for AT27C1024 


5962-86805 
06 
120 
• 
• 
M/883 
10% 
40 
0.1 


5962-86805 
05 
150 
• 
• 
M/883 
10% 
40 
0.1 


5962-86805 
04 
170 
• 
• 
M/883 
10% 
40 
0.1 


5962-86805 
03 
200 
• 
• 
M/883 
10% 
40 
0.1 


5962-86805 
02 
250 
• 
• 
M/883 
10% 
40 
0.1 


5962-86805 
01 
300 
· 
• 
M/883 
10% 
40 
0.1 


Package 
Type 


D 
40DW6, 40 Lead, 0.600" Wide, Windowed Ceramic Duallnline 
Package (Cerdip) 


J 
44J, 44 Lead, Plastic J-Leaded 
Chip Carrier OTP (PLCC) 


K 
44KW, 44 Lead, Windowed, 
Ceramic J-Leaded Chip Carrier (JLCC) 
L 
44LW,44 
Pad, Windowed, 
Ceramic Leadless Chip Carrier (LCC) 


P 
40P6, 40 Lead, 0.600" Wide, Plastic Dual Inline Package OTP (PDIP) 


Temperature 
Range 


C 
Commercial 
(O°C to 70°C) 
I 
Industrial 
(-40°C to 85°C) 


M 
Military 
(-55°C to 125°C) 


M/883 
MIL-STD-883C, 
Class B, Fully Compliant 
(-55°C to 125°C) 


• 
AT27HC1024 
see page 4-71 


Organization: 64K x 16 
Speed 
Package 
Temperature 
Power 
lcc(mA) 


No. of Pins: 
DIP 40. 
(ns) 
0 
J 
K 
L 
P 
Range 
Supply 
Active 
Standby 


LCC44 


55 
• 
• 
• 
• 
• 
C 
5% 
80 
8 
70 
• 
• 
• 
• 
• 
C 
10% 
80 
8 
70 
• 
• 
• 
• 
• 
I 
10% 
90 
10 
70 
• 
• 
• 
M 
10% 
90 
10 
70 
• 
• 
• 
M/883 
10% 
90 
10 
90 
• 
• 
• 
• 
• 
C 
10% 
80 
8 
90 
• 
• 
• 
• 
• 
I 
10% 
90 
10 
90 
• 
• 
• 
M 
10% 
90 
10 
90 
• 
• 
• 
M/883 
10% 
90 
10 


SMD Number for AT27HC1024 


5962-86805 
08 
70 
• 
• 
M/883 
10% 
90 
10 


5962-86805 
07 
90 
· 
· 
M/883 
10% 
90 
10 


Package 
Type 


D 
40DW6. 40 Lead. 0.600" Wide. Windowed Ceramic Duallnline 
Package (Cerdip) 


J 
44J, 44 Lead. Plastic J-Leaded 
Chip Carrier OTP (PLCC) 


K 
44KW, 44 Lead, Windowed, 
Ceramic J-Leaded Chip Carrier (JLCC) 


L 
44LW, 44 Pad, Windowed, 
Ceramic Leadless Chip Carrier (LCC) 


P 
40P6, 40 Lead, 0.600" Wide, Plastic Dual Inline Package OTP (PDIP) 


Temperature 
Range 


C 
Commercial 
(O°C to 70°C) 


I 
Industrial 
(-40°C to 85°C) 


M 
Military 
(-55°C to 125°C) 


M/883 
MIL-STD-883C, 
Class S, Fully Compliant 
(-55°C to 125°C) 


AlmEL 


AlmEL 


AT27LV1024 
see page 4-79 


Organization: 64K x 16 
Speed 
Package 
Temperature 
Ice (mA)(l) 


No. of Pins: 
DIP 40, 
(n8) 
0 
J 
K 
L 
P 
Range 
Active 
Standby 


LCC44 
250 
• 
• 
• 
• 
• 
C 
8 
0.1 


250 
• 
• 
• 
I 
10 
0.1 


300 
• 
• 
• 
• 
• 
C 
8 
0.1 


300 
• 
• 
• 
I 
10 
0.1 


Package 
Type 


D 
40DW6, 40 Lead, 0.600" Wide, Windowed 
Ceramic Duallnline 
Package (Cerdip) 
J 
44J, 44 Lead, Plastic J-Leaded 
Chip Carrier OTP (PLCC) 


K 
44KW, 44 Lead, Windowed, 
Ceramic J-Leaded 
Chip Carrier (JLCC) 


L 
44LW, 44 Pad, Windowed, 
Ceramic Leadless Chip Carrier (LCC) 


P 
40P6, 40 Lead, 0.600" Wide, Plastic Duallnline 
Package OTP (PDIP) 


Temperature 
Range 


C 
Commercial 
(O°C to 70°C) 


I 
Industrial 
(-40°C to 85°C) 


• 
AT27C040 
see page 4-87 


Organization: 512K x 8 
Speed 
Package 
Temperature 
Power 
lcc(mA) 
No. of Pins: 
DIP 32, 
(ns) 
D 
J 
L 
P 
T 
Range 
Supply 
Active 
Standby 
LCC32, 


100 
C 
5% 
25 
0.1 
TSOP40 
• 
• 
120 
• 
• 
• 
• 
• 
C 
10% 
25 
0.1 
120 
• 
• 
• 
• 
I 
10% 
30 
0.1 
150 
• 
• 
• 
• 
• 
C 
10% 
25 
0.1 


150 
• 
• 
• 
• 
I 
10% 
30 
0.1 
150 
• 
• 
M 
10% 
30 
0.1 
150 
• 
• 
M/883 
10% 
30 
0.1 
200 
• · • 
• 
C 
10% 
25 
0.1 
200 
• 
• 
• 
• 
I 
10% 
30 
0.1 
200 
• 
• 
M 
10% 
30 
0.1 
200 
• 
• 
M/883 
10% 
30 
0.1 


Package 
Type 


0 
32DW6, 32 Lead, 0.600" Wide, Windowed Ceramic Duallnline 
Package (Cerdip) 


J 
32J, 32 Lead, Plastic J-Leaded 
Chip Carrier (PLCC) 


L 
32LW, 32 Pad, Windowed, 
Ceramic Leadless Chip Carrier (LCC) 


P 
32P6, 32 Lead, 0.600" Wide, Plastic Dual Inline Package OTP (PDIP) 
. 


T 
40T, 40 Lead, Plastic Thin Small Outline Package OTP (TSOP) 


Temperature 
Range 


C 
Commercial 
(O°C to 70°C) 
I 
Industrial 
(-40°C to 85°C) 


M 
Military 
(-55°C to 125°C) 


M/883 
MIL-STD-883C, 
Class B, Fully Compliant 
(-55°C to 125°C) 


AlmEL 


AT27LV040 
see page 4-95 


Organization: 512Kx 8 
Speed 
Package 
Temperature 
Ice (mA)(1) 


No. of Pins: 
DIP 32, 
(n8) 
0 
J 
L 
P 
T 
Range 
Active 
Standby 


LCC32, 
200 
C 
8 
0.1 
TSOP40 
• 
• 
200 
• 
• 
I 
10 
0.1 


250 
• 
• 
C 
8 
0.1 


250 
• 
• 
I 
10 
0.1 


300 
• 
• 
• 
• 
• 
C 
8 
0.1 


300 
• 
• 
I 
10 
0.1 


Package Type 


D 
32DW6, 32 Lead, 0.600· Wide, Windowed Ceramic Duallnline 
Package (Cerdip) 
J 
32J, 32 Lead, Plastic J-Leaded 
Chip Carrier OTP (PLCC) 


L 
32LW, 32 Pad, Windowed, 
Ceramic Leadless Chip Carrier (LCC) 


P 
32P6, 32 Lead, 0.600" Wide, Plastic Duallnline 
Package OTP (PDIP) 


T 
40T, 40 Lead, Plastic Thin Small Outline Package OTP (TSOP) 


Temperature Range 
C 
I 
Commercial 
(O°C to 70°C) 
I 
I 
Industrial 
(-40°C to 85°C) 


• 
AT28HC191 
see page 5-3 


Organization: 2K x 8 
Speed 
Package 
Temperature 
Power 
Icc(mA) 
No. of Pins: 
DIP 24 
(ns) 
0 
P 
Range 
SUpply 
Active 
Standby 


35 
• 
• 
C 
10% 
80 
60 


45 
• 
• 
C 
10% 
80 
60 


45 
• 
• 
I 
10% 
80 
60 


45 
• 
M 
10% 
80 
60 


45 
• 
M/883 
10% 
80 
60 


55 
• 
• 
C 
10% 
80 
60 


55 
• 
• 
I 
10% 
80 
60 


55 
• 
M 
10% 
80 
60 


55 
• 
M/883 
10% 
80 
60 


AT28HC191L 
see page 5-3 


Organization: 2K x 8 
Speed 
Package 
Temperature 
Power 
Icc(mA) 
No. of Pins: 
DIP 24 
(ns) 
0 
P 
Range 
Supply 
Active 
Standby 


45 
• 
• 
C 
10% 
80 
3 


45 
• 
• 
I 
10% 
80 
3 


45 
• 
M 
10% 
80 
3 


45 
• 
M/883 
10% 
80 
3 


55 
• 
• 
C 
10% 
80 
3 


55 
• 
• 
I 
10% 
80 
3 


55 
• 
M 
10% 
80 
3 


55 
• 
M/883 
10% 
80 
3 


Package 
Type 


D 
2406,24 
Lead, 0.600" Wide, Non-Windowed, 
Ceramic Ouallnline 
Package (Cerdip) 


P 
24P6, 24 Lead, 0.600" Wide, Plastic Ouallnline 
Package (PDIP) 


Temperature 
Range 


C 
Commercial 
(O°C to 70°C) 
. 


I 
Industrial 
(-40°C to 85°C) 


M 
Military 
(-55°C to 125°C) 


M/883 
MIL-STD-883C, 
Class B, FUlly Compliant 
(-55°C to 125°C) 


AlmEL 


AlmEL 


AT28HC291 
see page 5-11 


Organization: 2K x 8 
Speed 
Package 
Temperature 
Power 
Icc(mA) 


No. of Pins: 
DIP 24, 
(ns) 
0 
L 
P 
Range 
Supply 
Active 
Standby 


LCC28 
C 
10% 
80 
60 
35 
• 
• 
45 
• 
• 
• 
C 
10% 
80 
60 


45 
• 
• 
• 
I 
10% 
80 
60 


45 
• 
• 
M 
10% 
80 
60 


45 
• 
• 
M/883 
10% 
80 
60 


55 
• 
• 
• 
C 
10% 
80 
60 


55 
• 
• 
• 
I 
10% 
80 
60 


55 
• 
• 
M 
10% 
80 
60 


55 
• 
• 
M/883 
10% 
80 
60 


AT28HC291L 
see page 5-11 


Organization: 2K x 8 
Speed 
Package 
Temperature 
Power 
Ice (mA) 


No. of Pins: 
DIP 24, 
(ns) 
0 
L 
P 
Range 
Supply 
Active 
Standby 


LCC28 
C 
10% 
80 
3 
45 
· 
· 
45 
• 
• 
I 
10% 
80 
3 


45 
• 
M 
10% 
80 
3 


45 
• 
M/883 
10% 
80 
3 


55 
• 
• 
• 
C 
10% 
80 
3 


55 
• 
• 
• 
I 
10% 
80 
3 


55 
· · 
M 
10% 
80 
3 


55 
• 
• 
M/883 
10% 
80 
3 


Package 
Type 


D 
24D3, 24 Lead, 0.300" Wide, Non-Windowed, 
Ceramic Duallnline 
Package (Cerdip) 


L 
28L, 28 Pad, Non-Windowed, 
Ceramic Leadless Chip Carrier (LCC) 
p 
24P3, 24 Lead, 0.300" Wide. Plastic Duallnline 
Package (PDIP) 


Temperature 
Range 


C 
Commercial 
(O°C to 70°C) 
I 
industrial 
(-40°C to 85°C) 


M 
Military 
(-55°C to 125°C) 


M/883 
MIL-STD-883C, 
Class B, Fully Compliant 
(-55°C to 125°C) 


• 
AT27HC641R 
see page 5-19 


Organization: 8K x 8 
Speed 
Package 
Temperature 
Power 
Ice (mA) 
No. of Pins: 
DIP 24, 
(n5) 
0 
L 
P 
Y 
Range 
Supply 
Active 
Standby 
lCC28 
C 
45 
25 
35 
• 
• 
5% 
45 
• 
• 
• 
C 
10% 
45 
25 
45 
• 
• 
• 
I 
10% 
50 
30 
45 
• 
• 
M 
10% 
50 
30 
45 
• 
• 
M/883 
10% 
50 
30 
55 
• 
• 
• 
C 
10% 
45 
25 
55 
• 
• 
• 
I 
10% 
50 
30 
55 
• 
• 
M 
10% 
50 
30 
55 
• 
• 
M/883 
10% 
50 
30 
70 
• 
• 
• 
C 
10% 
45 
25 
70 
• 
• 
• 
I 
10% 
50 
30 
70 
• 
• 
M 
10% 
50 
30 
70 
• 
• 
M/883 
10% 
50 
30 
90 
• 
• 
• 
C 
10% 
45 
25 
90 
• 
• 
• 
I 
10% 
50 
30 
90 
• 
• 
M 
10% 
50 
30 
90 
• 
• 
M/883 
10% 
50 
30 


SMD Number for AT27HC641R 


5962-87515 
01 
45 
· • 
• 
M/883 
10% 
50 
30 
5962-87515 
02 
55 
• 
• 
• 
M/883 
10% 
50 
30 
5962-87515 
03 
70 
· · 
· 
M/883 
10% 
50 
30 
5962-87515 
04 
90 
• 
• 
• 
M/883 
10% 
50 
30 


Package 
Type 


D 
24DW6, 24 Lead, 0.600" Wide, Windowed Ceramic Duallnline 
Package (Cerdip) 


L 
28lW, 
28 Pad, Windowed, 
Ceramic Leadless Chip Carrier (LCC) 


P 
24P6, 24 Lead, 0.600" Wide, Plastic Duallnline 
Package OTP (PDIP) 


Y 
24CW, 24 Lead, Windowed, 
Ceramic Flat Package (Cerpack) 


Temperature 
Range 


C 
Commercial 
(O°C to 70°C) 
I 
Industrial 
(-40°C to 85°C) 


M 
Military 
(-55°C to 125°C) 


M/883 
MIL-STD-883C, 
Class S, Fully Compliant 
(-55°C to 125°C) 


AlmEL 


AlmEL 


AT27HC642R 
see page 5-19 


Organization: 8K x 8 
Speed 
Package 
Temperature 
Power 
Icc(mA) 


NO. of Pins: 
DIP 24 
(ns) 
0 
P 
Range 
SUpply 
Active 
Standby 


35 
• 
C 
5% 
45 
25 


45 
• 
• 
C 
10% 
45 
25 


45 
• 
• 
I 
10% 
50 
30 


45 
• 
M 
10% 
50 
30 


45 
• 
M/883 
10% 
50 
30 


55 
• 
• 
C 
10% 
45 
25 


55 
., 
• 
I 
10% 
50 
30 


55 
• 
M 
10% 
50 
30 


55 
• 
M/883 
10% 
50 
30 


70 
• 
• 
C 
10% 
45 
25 


70 
• 
• 
I 
10% 
50 
30 


70 
• 
M 
10% 
50 
30 


70 
• 
M/883 
10% 
50 
30 


90 
• 
• 
C 
10% 
45 
25 


90 
• 
• 
I 
10% 
50 
30 


90 
· 
M 
10% 
50 
30 


90 
• 
M/883 
10% 
50 
30 


SMD Number for AT27HC642R 


5962-87515 
01 
45 
• 
M/883 
10% 
50 
, 
30 
5962-87515 
02 
55 
• 
M/883 
10% 
50 
30 


5962-87515 
03 
70 
• 
M/883 
10% 
50 
30 
5962-87515 
04 
90 
• 
M/883 
10% 
50 
30 


Package 
Type 


D 
24DW3, 24 Lead, 0.300" Wide, Windowed 
Ceramic Duallnline 
Package (Cerdip) 


P 
24P3, 24 Lead, 0.300" Wide, Plastic Dual Inline Package OTP (PDIP) 


Temperature 
Range 


C 
Commercial 
(O°C to 70°C) 
I 
Industrial 
(-40°C to 85°C) 


M 
Military 
(-55°C to 125°C) 


M1883 
MIL-STD-883C. 
Class B, Fully Compliant 
(-55°C to 125°C) 


,..--"-" "-----"-"-"---"_."-"-" 
_-_-_ •.•_-_._ 
••• 
_ ••.•_•.••_ ••.• 
_ •• _•••_._. _••••_ •••_'_u_<:> 
.., 
• 


AlmEL 


AlmEL 


AT3864l 
see page 6-3 


Organization: 8K x 8 
Speed 
Package 
Temperature 
Icc(mA) 


No. of Pins: 
DIP 28, 
(ns) 
P 
R 
Range 
Active 
Standby 


SOlC28 
C 
35 
0.1 
100 
• 
• 
100 
• 
• 
I 
35 
0.1 


120 
• 
• 
C 
35 
0.1 


120 
• 
• 
I 
35 
0.1 


150 
• 
• 
C 
35 
0.1 


150 
• 
• 
I 
35 
0.1 


Package 
Type 


P 
I 
28P6, 28 Lead, 0.600" Wide, Plastic Duallnline 
Package (PDIP) 


R 
I 
28R, 28 Lead, 0.330" Wide, Plastic Gull Wing Small Outline (SOl C) 


Temperature 
Range 


C 
I 
Commercial 
(DOC to 70°C) 
I 
I 
Industrial 
(-40°C to 85°C) 


AT3864L-15DMB 
see page 6-11 


Organization: 
8K x 8 
Speed 
Package 
Temperature 
Icc(mA) 
No. of Pins: 
DIP 28 
(ns) 
0 
Range 
Active 
Standby 


150 
• 
M 
40 
I 
1.0 


Package 
Type 


D 
I 
28D6, 28 Lead, 0.600" Wide, Non-Windowed, 
Ceramic Duallnline 
Package (Cerdip) 


Temperature 
Range 


M 
I 
Military 
(-55°C to 125°C) 


AlmEL 


• 


AT38H256 
see page 6-19 


Organization: 32K x 8 
Speed 
Package 
Temperature 
Ice (mA) 


No. of Pins: 
DIP 28, 
(ns) 
N 
X 
Range 
Active 
Standby 


SOlC28 
C 
100 
0.1 
20 
• 
• 
20 
• 
• 
I 
100 
1.0 


25 
• 
• 
C 
100 
0.1 


25 
• 
• 
I 
100 
1.0 


35 
• 
• 
C 
100 
0.1 


35 
• 
• 
I 
100 
1.0 


Package Type 


N 
I 
28P3, 28 Lead, 0.300" Wide, Plastic Duallnline 
Package (PDIP) 


X 
I 
2852, 28 Lead, 0.300" Wide. Plastic J-Leaded Small Outline (501 C) 


Temperature Range 


C 
I 
Commercial 
(O°C to 70°C) 


I 
I 
Idustrial 
(-40°C to 85°C) 


AT38LV256 
see page 6-27 


Organization: 32K x 8 
Speed 
Package 
Temperature 
lcc(mA) 
No. of Pins: 
DIP 28, 
(ns) 
R 
Range 
Active 
Standby 
SOlC28 


C 
25 


I 


0.03 
70 
• 
120 
• 
C 
25 
0.03 


Package 
Type 


R 
I 
28 Lead, 0.330" Wide, Plastic Gull Wing Small Outline OTP (SOIC) 


Temperature 
Range 


C 
I 
Commercial 
(O°C to 70°C) 


AlmEL 


• 


AlmEL 


AT18V8Z 
see page 7-3 


No. of Pins: 
DIP 20, 
Speed 
Package 
Temperature 
Power 
Ice Active 
Ice Standby 
LCC20 
(ns) 
0 
J 
P 
Range 
Supply 
mA(1 MHz) 
(!tA) 


25 
• 
• 
• 
C 
5% 
2 
100 


30 
• 
• 
• 
I 
10% 
2 
100 


35 
• 
• 
• 
C 
5% 
2 
100 


40 
• 
• 
• 
I 
10% 
2 
100 


Package 
Type 
0 
20DW3, 20 Lead, 0.300" Wide, Windowed, 
Ceramic Duallnline 
Package (Cerdip) 
J 
20J, 20 Lead, Plastic J-Leaded Chip Carrier aTP (PLCC) 


P 
20P3, 20 Lead, 0.300" Wide, Plastic Duallnline 
Package aTP (PDIP) 


Temperature 
Range 


C 
Commercial 
(O°C to 70°C) 


I 
Industrial 
(-40°C to 85°C) 


AT22V10 
see page 7-19 


Approx. Gates: 500 
Speed 
Package 
Temperature 
Power 
Ice 
No. of Pins: 
DIP 24. 
(ns) 
D 
F 
G 
J 
K 
L 
N 
P 
S 
Y 
Range 
Supply 
(mA) 
LCC28. 
15 
C 
10% 
90 
SOlC24 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 


15 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
I 
10% 
100 
15 
• 
• 
• 
• 
• 
• 
• 
M 
10% 
100 
15 
• 
• 
• 
• 
• 
• 
• 
M/883 
10% 
100 
20 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
C 
10% 
90 


20 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
I 
10% 
100 


20 
• · • 
• 
• 
• 
• 
M 
10% 
100 
20 
• · • 
• 
• 
• 
• 
M/883 
10% 
100 
25 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
C 
10% 
55 
25 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
I 
10% 
55 
25 
• 
• 
• 
• 
• 
• 
• 
M 
10% 
55 
25 
• · • 
• 
• 
• 
· 
M/883 
10% 
55 
30 
• · · 
• 
• 
• 
• 
M 
10% 
55 
30 
• · · 
• 
• 
• 
· 
M/883 
10% 
55 
35 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
C 
10% 
55 
35 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
I 
10% 
55 


SMD Number for AT22V10 


5962-87539 
04 
20 · 
• 
· 
M/883 
10% 
100 
5962-87539 
01 
25 
• 
• 
• 
M/883 
10% 
55 
5962-87539 
02 
30 · 
• 
• 
M/883 
10% 
55 
5962-87539 
03 
40 
• 
• 
• 
M/883 
10% 
55 
5962-88670 
05 
15 
• 
• 
M/883 
10% 
100 
5962-88670 
04 
20 
• 
• 
· 
M/883 
10% 
100 
5962-8867001 
25 
• 
• 
• 
M/883 
10% 
55 
5962-88670 
02 
30 
• 
• 
• 
M/883 
10% 
55 
5962-88670 
03 
40 
· • 
• 
M/883 
10% 
55 


Package 
Type 


D 
24DW3, 24 Lead, 0.300" Wide, Windowed 
(OTP) Ceramic Duallnline 
Package (Cerdip) 


F 
24C, 24 Lead, Non-Windowed, 
Ceramic Flat Package (Cerpack) 


G 
24D3, 24 Lead, 0.300" Wide, Non-Windowed 
(OTP) Ceramic Duallnline 
Package (Cerdip) 
J 
28J, 28 Lead, Plastic J-Leaded 
Chip Carrier OTP (PLCC) 


K 
28KW, 28 Lead, Windowed, 
Ceramic J-Leaded Chip Carrier (JLCC) 


L 
28LW, 28 Pad, Windowed, 
Ceramic Leadless Chip Carrier (LCC) 


N 
28L, 28 Pad, Non-Windowed 
Ceramic Leadless Chip Carrier OTP (LCC) 


P 
24P3, 24 Lead, 0.300" Wide, Plastic Dual Inline Package OTP (PDIP) 


S 
24S, 24 Lead, 0.300" Wide, Plastic Gull Wing Small Outline (SOIC) 


y 
24CW, 24 Lead, Windowed, 
Ceramic Flat Package (Cerpack) 


Temperature 
Range 


C 
Commercial 
(O°C to 70°C) 
I 
Industrial 
(-40°C to 85°C) 


M 
Military 
(-55°C to 125°C) 


M/883 
MIL-STD-883C, 
Class S, Fully Compliant 
(-55°C to 125°C) 


AlmEL 


• 


AlmEL 


AT22V10L 
see page 7-19 


Approx. Gates: 500 
Speed 
Package 
Temperature 
Power 
Ice 


No. of Pins: 
DIP 24, 
(ns) 
0 
F 
G 
J 
K 
L 
N 
P 
S 
Y 
Range 
Supply 
(mA) 


LCC28, 


20 
C 
10% 
12 
SOlC24 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
20 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
I 
10% 
15 


20 
• 
• 
• 
• 
• 
• 
• 
M 
10% 
15 


20 
• 
• 
• 
• 
• 
• 
• 
M/883 
10% 
15 


25 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
C 
10% 
12 


25 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
I 
10% 
15 


25 
• 
• 
• 
• 
• 
• 
• 
M 
10% 
15 


25 
• 
• 
• 
• 
• 
• 
• 
M/883 
10% 
15 


30 
• 
• 
• 
• 
• 
• 
• 
M 
10% 
15 


30 
• 
• 
• 
• 
• 
• 
• 
M/883 
10% 
15 


35 
• 
• 
• 
• 
• 
• 
• · • 
• 
C 
10% 
12 


35 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
I 
10% 
15 


SMD Number for AT22V10L 


5962-89724 
04 
20 
• 
• 
• 
M/883 
10% 
15 


5962-88724 
01 
25 
• 
• 
• 
M/883 
10% 
15 


5962-88724 
02 
30 
• 
• 
• 
M/883 
10% 
15 


5962-88724 
03 
40 · 
· 
• 
M/883 
10% 
15 


5962-8975504 
20 
• 
• 
• 
M/883 
10% 
15 


5962-8975501 
25 
• 
• 
• 
M/883 
10% 
15 


5962-89755 
02 
30 
• 
• 
• 
M/883 
10% 
15 


5962-89755 
03 
40 
• 
• 
• 
M/883 
10% 
15 


Package 
Type 
0 
24DW3, 24 Lead, 0.300" Wide, Windowed 
(OTP) Ceramic Duallnline 
Package (Cerdip) 


F 
24C, 24 Lead, Non-Windowed, 
Ceramic Flat Package (Cerpack) 


G 
24D3, 24 Lead, 0.300" Wide, Non-Windowed 
(OTP) Ceramic Duallnline 
Package (Cerdip) 


J 
28J, 28 Lead, Plastic J-Leaded 
Chip Carrier OTP (PLCC) 


K 
28KW, 28 Lead, Windowed, 
Ceramic J-Leaded Chip Carrier (JLCC) 
L 
28LW, 28 Pad, Windowed, 
Ceramic Leadless Chip Carrier (LCC) 


N 
28L, 28 Pad, Non-Windowed 
Ceramic Leadless Chip Carrier OTP (LCC) 


P 
24P3, 24 Lead, 0.300" Wide, Plastic Duallnline 
Package OTP (PDIP) 


S 
24S, 24 Lead, 0.300" Wide, Plastic Gull Wing Small Outline (SOIC) 
y 
24CW, 24 Lead, Windowed, 
Ceramic Flat Package (Cerpack) 


Temperature 
Range 


C 
Commercial 
(O°C to 70°C) 
I 
Industrial 
(-40°C to 85°C) 


M 
Military 
(-55°C to 125°C) 


M/883 
MIL-STD-883C, 
Class B, Fully Compliant 
(-55°C to 125°C) 


• 
AT22V10B 
see page 7-35 


Approx. Gates: 500 
Speed 
Package 
Temperature 
Power 
Ice 
No. of Pins: 
DIP 24. 
(ns) 
0 
G 
J 
K 
L 
N 
P 
S 
Range 
Supply 
(mA) 
LCC28, 


7.5 
C 
10% 
140 
SOlC24 
• 
• 
• 
• 
• 
• 
• 
• 
10 
• 
• 
• 
• 
• 
• 
• 
• 
C 
10% 
140 
10 
· • 
• 
• 
• 
• 
• 
• 
I 
10% 
160 
10 
• · 
• 
• 
• 
M 
10% 
160 
10 
• 
• 
• 
• 
• 
M/883 
10% 
160 
12 
• 
• 
• 
• 
• 
• 
• 
• 
C 
10% 
140 
12 
• · · • 
• 
• 
• 
• 
I 
10% 
160 
12 
• · 
• 
• 
• 
M 
10% 
160 
12 
• 
• 
• · · 
M/883 
10% 
160 


Package 
Type 


D 
24DW3, 24 Lead, 0.300" Wide, Windowed (OTP) Ceramic Duallnline 
Package (Cerdip) 


G 
24D3, 24 Lead, 0.300" Wide, Non-Windowed 
(OTP) Ceramic Duallnline 
Package (Cerdip) 
J 
28J, 28 Lead, Plastic J-Leaded 
Chip Carrier OTP (PLCC) 


K 
28KW, 28 Lead, Windowed, 
Ceramic J-Leaded Chip Carrier (JLCC) 


L 
28LW, 28 Pad, Windowed, 
Ceramic Leadless Chip Carrier (LCC) 


N 
28L, 28 Pad, Non-Windowed 
Ceramic Leadless Chip Carrier OTP (LCC) 


P 
24P3, 24 Lead, 0.300" Wide, Plastic Duallnline 
Package OTP (PDIP) 


S 
24S, 24 Lead, 0.300" Wide, Plastic Gull Wing Small Outline (SOl C) 


Temperature 
Range 


C 
Commercial 
(O°C to 70°C) 


I 
Industrial 
(-40°C to 85°C) 
M 
Military 
(-55°C to 125°C) 
. 


M/883 
MIL-STD-883C, 
Class B, Fully Compliant 
(-55°C to 125°C) 


AlmEL 


AlmEL 


AT22LV10 
see page 7-45 


Approx. Gates: 500 
Speed 
Package 
Temperature 
Power 
lcc(mA) 
No. of Pins: 
DIP 24, 
(ns) 
D 
F 
G 
J 
K 
L 
N 
P 
S 
Y 
Range 
Supply 
(3.6/5.5 V) 


LCC28, 


20 
C 
3.0 - 5.5 V 
35/90 
SOlC24 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
20 
• 
• 
• · • 
• 
• 
• 
• 
• 
I 
3.0 - 5.5 V 
45/100 


20 
• 
• 
• 
• 
• 
• 
• 
M 
3.0 - 5.5 V 
45/100 


20 
• 
• 
• 
• 
• 
• 
• 
M/883 
3.0 - 5.5 V 
45/100 


25 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
C 
3.0 - 5.5 V 
35/90 


25 
• · • 
• 
• 
• 
• 
• 
• 
• 
I 
3.0 - 5.5 V 
45/100 


25 
• 
• 
• 
• 
• 
• 
• 
M 
3.0 - 5.5 V 
45/100 


25 
• 
• 
• 
• 
• 
• 
• 
M/883 
3.0 - 5.5 V 
45/100 


30 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
C 
3.0 - 5.5 V 
35/90 


30 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
I 
3.0 - 5.5 V 
45/100 


30 
• 
• 
• 
• · • 
• 
M 
3.0 - 5.5 V 
45/100 


30 
• 
• 
• 
• 
• 
• 
• 
M/883 
3.0 - 5.5 V 
45/100 


Package 
Type 


0 
24DW3, 24 Lead, 0.300" Wide, Windowed (OTP) Ceramic Duallnline 
Package (Cerdip) 


F 
24C, 24 Lead, Non-Windowed, 
Ceramic Flat Package (Cerpack) 


G 
24D3, 24 Lead, 0.300" Wide, Non-Windowed 
(OTP) Ceramic Duallnline 
Package (Cerdip) 


J 
28J, 28 Lead, Plastic J-Leaded Chip Carrier OTP (PLCC) 


K 
28KW, 28 Lead, Windowed, 
Ceramic J-Leaded Chip Carrier (JLCC) 


L 
28LW, 28 Pad, Windowed, 
Ceramic Leadless Chip Carrier (LCC) 


N 
28L, 28 Pad, Non-Windowed 
Ceramic Leadless Chip Carrier OTP (LCC) 


P 
24P3, 24 Lead, 0.300" Wide, Plastic Dual Inline Package OTP (PDIP) 


S 
24S, 24 Lead, 0.300" Wide, Plastic Gull Wing Small Outline (SOl C) 


y 
24CW, 24 Lead, Windowed, 
Ceramic Flat Package (Cerpack) 


Temperature 
Range 


C 
Commercial 
(O°C to 70°C) 
I 
Industrial 
(-40°C to 85°C) 


M 
Military 
(-55°C to 125°C) 


M/883 
MIL-STD-883C, 
Class B, Fully Compliant 
(-55°C to 125°C) 


AT22LV10L 
see page 7-45 


Approx. Gates: 500 
Speed 
Package 
Temperature 
Power 
Ice (mA) 
No. of Pins: 
DIP 24, 
(ns) 
0 
F 
G 
J 
K 
L 
N 
P 
S 
Y 
Range 
Supply 
(3.6/S.SV) 
LCC28, 
25 
C 
3.0 - 5.5 V 
4/12 
SOlC24 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
25 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
I 
3.0 - 5.5 V 
5/15 


30 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
C 
3.0 - 5.5 V 
4/12 


30 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
I 
3.0 - 5.5 V 
5/15 


30 
• 
• 
• 
• 
• 
• 
• 
M 
3.0 -5.5 V 
5/15 


30 
• 
• 
• 
• 
• 
• 
• 
M/883 
3.0 - 5.5 V 
5/15 


35 
• 
• 
• · • 
• 
• 
• 
• 
• 
C 
3.0 - 5.5 V 
4/12 


35 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
I 
3.0 - 5.5 V 
5/15 


35 
• · • 
• 
• 
• 
• 
M 
3.0 - 5.5 V 
5/15 


35 
• 
• · 
• 
• 
• 
• 
M/883 
3.0 - 5.5 V 
5/15 
• 


Package 
Type 


D 
240W3, 
24 Lead, 0.300" Wide, Windowed 
(OTP) Ceramic Ouallnline 
Package (Cerdip) 


F 
24C, 24 Lead, Non-Windowed, 
Ceramic Flat Package (Cerpack) 


G 
2403,24 
Lead, 0.300" Wide, Non-Windowed 
(OTP) Ceramic Ouallnline 
Package (Cerdip) 


J 
28J, 28 Lead, Plastic J-Leaded 
Chip Carrier OTP (PLCC) 


K 
28KW, 28 Lead, Windowed, 
Ceramic J-Leaded Chip Carrier (JLCC) 


L 
28LW, 28 Pad, Windowed, 
Ceramic Leadless Chip Carrier (LCC) 


N 
28L, 28 Pad, Non-Windowed 
Ceramic Leadless Chip Carrier OTP (LCC) 


P 
24P3, 24 Lead, 0.300" Wide, Plastic Ouallnline 
Package OTP (PDIP) 
I. 


S 
24S, 24 Lead, 0.300" Wide, Plastic Gull Wing Small Outline (SOIC) 


y 
24CW, 24 Lead, Windowed, 
Ceramic Flat Package (Cerpack) 


Temperature 
Range 


C 
Commercial 
(O°C to 70°C) 


I 
Industrial 
(-40°C to 85°C) 


M 
Military 
(-55°C to 125°C) 


M/883 
MIL-STD-883C, 
Class S, Fully Compliant 
(-55°C to 125°C) 


AlmEL 


AlmEL 


ATV750 
see page 7-59 


Approx. Gates: 750 
Speed 
Package 
Temperature 
Power 
lee 


No. of Pins: 
DIP 24, 
(ns) 
0 
F 
G 
J 
K 
L 
N 
P 
S 
Y 
Range 
Supply 
(mA) 


LCC28, 
20 
C 
10% 
120 
SOlC24 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
20 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
I 
10% 
140 


20 
• 
• 
• 
• 
• 
• 
• 
M 
10% 
140 


20 
• 
• 
• 
• 
• 
• 
• 
M/BB3 
10% 
140 


25 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
C 
10% 
120 


25 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
I 
10% 
140 


25 
• 
• 
• 
• 
• 
• 
• 
M 
10% 
140 


25 
• 
• 
• 
• 
• 
• 
• 
M/BB3 
10% 
140 


30 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
C 
10% 
120 


30 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
I 
10% 
140 


30 
• 
• 
• 
• 
• 
• 
• 
M 
10% 
140 


30 · • · 
· • · 
· 
M/BB3 
10% 
140 


35 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
C 
10% 
120 


35 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
I 
10% 
140 


35 
• 
• 
• 
• 
• 
• 
• 
M 
10% 
140 


35 
• 
• 
• 
• 
• 
• 
• 
M/BB3 
10% 
140 


40 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
I 
10% 
140 


40 
• 
• 
• 
• 
• 
• 
• 
M 
10% 
140 


40 
• 
• 
• 
• 
• 
• 
• 
M/BB3 
10% 
140 


SMD Number for ATV750 


5962-BB726 04 
20 
• 
• 
M/BB3 
10% 
140 


5962-BB726 03 
25 
• 
• 
M/BB3 
10% 
140 


5962-BB72602 
35 
• 
• 
M/BB3 
10% 
140 


5962-BB72601 
40 
• 
• 
M/BB3 
10% 
140 


Package Type 


D 
24DW3, 24 Lead, 0.300" Wide, Windowed 
(OTP) Ceramic Duallnline 
Package (Cerdip) 


F 
24C, 24 Lead, Non-Windowed, 
Ceramic Flat Package (Cerpack) 


G 
24D3, 24 Lead, 0.300" Wide, Non-Windowed 
(OTP) Ceramic Duallnline 
Package (Cerdip) 


J 
2BJ, 2B Lead, Plastic J-Leaded 
Chip Carrier OTP (PLCC) 


K 
2BKW, 2B Lead, Windowed, 
Ceramic J-Leaded Chip Carrier (JLCC) 


L 
2BLW, 2B Pad, Windowed, 
Ceramic Leadless Chip Carrier (LCC) 


N 
2BL, 2B Pad, Non-Windowed 
Ceramic Leadless Chip Carrier OTP (LCC) 


P 
24P3, 24 Lead, 0.300" Wide, Plastic Duallnline 
Package OTP (PDIP) 


S 
24S, 24 Lead, 0.300" Wide, Plastic Gull Wing Small Outline (SOIC) 
y 
24CW, 24 Lead, Windowed, 
Ceramic Flat Package (Cerpack) 


Temperature 
Range 


C 
Commercial 
(O°C to 70°C) 


I 
Industrial 
(-40°C to B5°C) 


M 
Military 
(-55°C to 125°C) 


M/883 
MIL-STD-BB3C, 
Class B, Fully Compliant 
(-55°C to 125°C) 


CMOS EPLD 


CMOS EPLD Product Selection Guide 
• 
ATV750L 
see page 7-59 


Approx. Gates: 750 
Speed 
Package 
Temperature 
Power 
lee 
No. of Pins: 
DIP 24, 
(ns) 
0 
F 
G 
J 
K 
L 
N 
P 
S 
Y 
Range 
Supply 
(mA) 
LCC28. 
25 
C 
10% 
12 
SOlC24 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
25 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
I 
10% 
15 
25 
• 
• 
• 
• 
• 
• 
• 
M 
10% 
15 
25 
• 
• 
• 
• 
• 
• 
• 
M/883 
10% 
15 
30 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
C 
10% 
12 
30 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
I 
10% 
15 
30 
• 
• 
• 
• 
• 
• 
• 
M 
10% 
15 
30 
• 
• 
• 
• 
• 
• 
• 
M/883 
10% 
15 


SMD Number for ATV750L 


5962-88726 
07 
M/883 
15 
5962-8872606 
M/883 
15 


Package 
Type 
0 
24DW3, 24 Lead, 0.300" Wide, Windowed (OTP) Ceramic Duallnline 
Package (Cerdip) 


F 
24C, 24 Lead, Non-Windowed, 
Ceramic Flat Package (Cerpack) 


G 
24D3, 24 Lead, 0.300" Wide, Non-Windowed 
(OTP) Ceramic Duallnline 
Package (Cerdip) 


J 
28J, 28 Lead, Plastic J-Leaded Chip Carrier OTP (PLCC) 


K 
28KW, 28 Lead, Windowed, 
Ceramic J-Leaded Chip Carrier (JLCC) 


L 
28LW, 28 Pad, Windowed, 
Ceramic Leadless Chip Carrier (LCC) 


N 
28L, 28 Pad, Non-Windowed 
Ceramic Leadless Chip Carrier OTP (LCC) 


P 
24P3, 24 Lead, 0.300" Wide, Plastic Dual Inline Package OTP (PDIP) 


S 
24S, 24 Lead, 0.300" Wide, Plastic Gull Wing Small Outline (SOl C) 
y 
24CW, 24 Lead, Windowed, 
Ceramic Flat Package (Cerpack) 


Temperature 
Range 


C 
Commercial 
(O°C to 70°C) 
I 
Industrial 
(-40°C to 85°C) 


M 
Military 
(-55°C to 125°C) 


M/883 
MIL-STD-883C, 
Class B, Fully Compliant 
(-55°C to 125°C) 


AlmEL 


AlmEL 


ATV2500H 
• 
see page 7-83 


Approx. Gates: 2500 
Speed 
Package 
Temperature 
Power 
Ice 


No. of Pins: 
DIP 40. 
(ns) 
0 
J 
K 
L 
P 
Range 
Supply 
(mA) 
LCC44 
C 
10% 
160 
25 
• 
• 
• 
• 
• 
25 
• 
• 
• 
• 
• 
I 
10% 
180 


25 
• 
• 
• 
M 
10% 
180 


25 
• 
• 
• 
M/883 
10% 
180 


30 
• 
• 
• 
• 
• 
C 
10% 
160 


30 
• 
• 
• 
• 
• 
I 
10% 
180 


30 
• 
• 
• 
M 
10% 
180 


30 
• 
• 
• 
M/883 
10% 
180 


35 
• 
• 
• 
• 
• 
C 
10% 
160 


35 
• 
• 
• 
• 
• 
I 
10% 
180 


35 
• 
• 
• 
M 
10% 
180 


35 
• 
• 
• 
M/883 
10% 
180 


SMD Number for ATV2500H 


5962-9154502 
M 
25 
• 
• 
• 
M/883 
10% 
180 
5962-91545 
01 M 
35 
• 
· • 
M/883 
10% 
180 


Package 
Type 
0 
40DW6, 40 Lead, 0.600" Wide. Windowed 
(OTP) Ceramic Duallnline 
Package (Cerdip) 
J 
44J, 44 Lead, Plastic J-Leaded Chip Carrier OTP (PLCC) 


K 
44KW, 44 Lead, Windowed. 
Ceramic J-Leaded Chip Carrier (JLCC) 


L 
44LW.44 
Pad, Windowed, 
Ceramic Leadless Chip Carrier (LCC) 


P 
40P6, 40 Lead, 0.600" Wide, Plastic Duallnline 
Package OTP (PDIP) 


Temperature 
Range 


C 
Commercial 
(O°C to 70°C) 
I 
Industrial 
(-40°C to 85°C) 


M 
Military 
(-55°C to 125°C) 


M/883 
MIL-STD-883C, 
Class B, Fully Compliant 
(-55°C to 125°C) 


• 
ATV2500L 
see page 7-83 


Approx. Gates: 2500 
Speed 
Package 
Temperature 
Power 
Ice 


No. of Pins: 
DIP 40, 
(ns) 
0 
J 
K 
L 
P 
Range 
Supply 
(mA) 


LCC44 
C 
10% 
5 
30 
• 
• 
• 
• 
• 
30 
• 
• 
• 
• 
• 
I 
10% 
10 


30 
· 
• 
• 
M 
10% 
10 


30 
• 
• 
• 
M/883 
10% 
10 


35 
• 
• 
• 
• 
• 
C 
10% 
5 


35 
• 
• 
• 
• 
• 
I 
10% 
10 


35 
• 
• 
• 
M 
10% 
10 


35 
• 
• 
• 
M/883 
10% 
10 


40 
• 
• 
• 
• 
• 
C 
10% 
5 


40 
• 
• 
• 
• 
• 
I 
10% 
10 


40 
• 
• 
• 
M 
10% 
10 


40 
• 
• 
• 
M/883 
10% 
10 


45 
• 
• 
• 
• 
• 
I 
10% 
10 


45 
• 
• 
• 
M 
10% 
10 


45 
· 
• · 
M/883 
10% 
10 


SMD Number for ATV2500L 


5962-91545 
03 M 
30 
• 
• 
• 
M/883 
10% 
10 


Package 
Type 
0 
40DW6, 40 Lead, 0.600" Wide, Windowed 
(OTP) Ceramic Duallnline 
Package (Cerdip) 
J 
44J, 44 Lead, Plastic J-Leaded Chip Carrier OTP (PLCC) 


K 
44KW, 44 Lead, Windowed, 
Ceramic J-Leaded Chip Carrier (JLCC) 


L 
44LW,44 
Pad, Windowed, 
Ceramic Leadless Chip Carrier (LCC) 


P 
40P6, 40 Lead, 0.600" Wide, Plastic Duallnline 
Package OTP (PDIP) 


Temperature 
Range 


C 
Commercial 
(O°C to 70°C) 
I 
Industrial 
(-40°C to 85°C) 


M 
Military 
(-55°C to 125°C) 


M/883 
MIL-STD-883C, 
Class S, Fully Compliant 
(-55°C to 125°C) 


AlmEL 


AlmEL 


ATV5000 
see page 7-103 


Approx. Gates: 5000 
Speed 
Package 
Temperature 
Power 
Ice 


No. of Pins: 
LCC 68. 
(n8) 
J 
K 
U 
Range 
SUpply 
(mA) 


PGA68 
C 
10% 
350 
25 
• 
• 
• 
30 
• 
• 
• 
C 
10% 
350 


30 
• 
• 
I 
10% 
400 


30 
• 
• 
M 
10% 
400 


30 
• 
• 
M/883 
10% 
400 


35 
• 
• 
• 
C 
10% 
350 


35 
• 
• 
I 
10% 
400 


35 
• 
• 
M 
10% 
400 


35 
• 
• 
M/883 
10% 
400 


ATV5000L 
see page 7-103 


Approx. Gates: 5000 
Speed 
Package 
Temperature 
Power 
Ice 


No. of Pins: 
LCC 68. 
(n5) 
J 
K 
U 
Range 
Supply 
(mA) 


PGA68 
C 
40 
30 
• 
• 
• 
10% 
35 
• 
• 
• 
C 
10% 
40 


35 
• 
• 
I 
10% 
50 


35 
• 
• 
M 
10% 
50 


35 
• 
• 
M/883 
10% 
50 


Package 
Type 
. 


J 
68J. 68 Lead. Plastic J-Leaded 
Chip Carrier OTP (PLCC) 


K 
68KW, 68 Lead, Windowed, 
Ceramic J-Leaded Chip Carrier (JLCC) 


U 
68UW. 68 Pin, Windowed. 
Ceramic Pin Grid Array (PGA) 


Temperature 
Range 


C 
Commercial 
(O°C to 70°C) 


I 
Industrial 
(-40°C to 85°C) 


M 
Military 
(-55°C 10 125°C) 
I 
I 


M/883 
MIL-STD-883C, 
Class B, Fully Compliant 
(-55°C to 125°C) 
, 


• 
ATV5100 
see page 7-131 


Approx. Gates: 5000 
Speed 
Package 
Temperature 
Power 
Ice 
No. of Pins: 
LCC6e. 
(ns) 
J 
K 
U 
Range 
SUpply 
(mA) 


PGA68 
C 
10% 
350 
25 
• 
• 
• 
30 
• 
• 
• 
C 
10% 
350 


30 
• 
• 
I 
10% 
400 


30 
• 
• 
M 
10% 
400 


30 
• 
• 
M/883 
10% 
400 


35 
• 
• 
• 
C 
10% 
350 


35 
• 
• 
I 
10% 
400 


35 
• 
• 
M 
10% 
400 


35 
• 
• 
M/883 
10% 
400 


ATV5100L 
see page 7-131 


Approx. Gates: 5000 
Speed 
Package 
Temperature 
Power 
Ice 
No. of Pins: 
LCC6e. 
(ns) 
J 
K 
U 
Range 
Supply 
(mA) 


PGA68 
C 
10% 
40 
30 
• 
• · 
35 
• 
• 
• 
C 
10% 
40 


35 
• 
• 
I 
10% 
50 


35 
• 
• 
M 
10% 
50 


35 
• 
• 
M/883 
10% 
50 


Package 
Type 


J 
68J. 68 Lead, Plastic J-Leaded Chip Carrier OTP (PLCC) 


K 
68KW. 68 Lead. Windowed. 
Ceramic J-Leaded Chip Carrier (JLCC) 


U 
68UW.68 
Pin. Windowed. 
Ceramic Pin Grid Array (PGA) 


Temperature 
Range 


C 
Commercial 
(O°C to 70°C) 
I 
Industrial 
(-40°C to 85°C) 


M 
Military 
(-55°C to 125°C) 


M/883 
MIL-STD-883C. 
Class B. Fully Compliant 
(-55°C to 125°C) 


AlmEL 


AlmEL 


ATH3000 
see page 7-165 


Approx. Gates: 3000 
Speed 
Package 
Temperature 
Power 
Ice 
fMAX 


No. of Pins: 
LCC68, 
(ns) 
J 
K 
U 
Range 
Supply 
(mA) 
(MHz) 


PGA68 
C 
10% 
225 
83.3 
15 
• 
• 
• 
15 
• 
• 
• 
I 
10% 
270 
83.3 


20 
• 
• 
• 
C 
10% 
225 
66.7 
", 
20 
• 
• 
• 
I 
10% 
270 
66.7 


20 
• 
• 
M 
10% 
270 
66.7 


20 
• 
• 
M/883 
10% 
270 
66.7 


25 
• 
• 
• 
C 
10% 
225 
50 


25 
• 
• 
• 
I 
10% 
270 
50 


25 
• 
• 
M 
10% 
270 
50 


25 
• 
• 
M/883 
10% 
270 
50 


ATH3000L 
see page 7-165 


Approx. Gates: 3000 
Speed 
Package 
Temperature 
Power 
Ice 
fMAX 


No. of Pins: 
LCC 68, 
(ns) 
J 
K 
U 
Range 
Supply 
(mA) 
(MHz) 


PGA68 
C 
5 
66.7 
20 
• 
• 
• 
10% 
20 
• 
• · 
I 
10% 
10 
66.7 


25 
· • 
• 
C 
10% 
5 
50 


25 
• 
• 
• 
I 
10% 
10 
50 


25 
• 
• 
M 
10% 
10 
50 


25 
• 
• 
M/883 
10% 
10 
50 


Package 
Type 
J 
68J, 68 Lead, Plastic J-Leaded 
Chip Carrier aTP (PLCC) 


K 
68KW, 68 Lead, Windowed, 
Ceramic J-Leaded Chip Carrier (JLCC) 


U 
68UW, 68 Pin, Windowed, 
Ceramic Pin Grid Array (PGA) 


Temperature 
Range 


C 
Commercial 
(O°C to 70°C) 


I 
Industrial 
(-40°C to 85°C) 


M 
Military 
(-55°C to 125°C) 


M/883 
MIL-STD-883C, 
Class S, Fully Compliant 
(-55°C to 125°C) 


AT 40391 B Order as a chip set with the AT40392 in the same speed. 
see page 9-3 


No. of Pins: 
PQFP 160 
CPU Clock 
Package 
Temperature 
Power 


(MHz) 
Q 
Range 
Supply 


25 
• 
C 
5% 


33 
• 
C 
5% 


40 
• 
C 
5% 


Package 
Type 


Q 
I 
1600,160 Lead, Plastic Gull Wing Ouad Flat Package (POFP) 


Temperature 
Range 


C 
I 
Commercial 
(O°C to lO°C) 


AlmEL 


• 


AT40392 To be ordered as achip setwtth the AT40391B. AT404930rthe AT40495. 
see pages 9-3,9-9,9-15 


No. of Pins: 
PQfP 160 
CPU Clock 
Package 
Temperature 
Power 


(MHz) 
Q 
Range 
Supply 


25 
• 
C 
5% 


33 
• 
C 
5% 


40 
• 
C 
5% 


50 
• 
C 
5% 


Package Type 


Q 
I 
1600,160 
Lead, Plastic Gull Wing Ouad Flat Package (POfP) 


Temperature 
Range 


C 
I 
Commercial 
(O°C to 70°C) 


________________ 
CMOS Logic 


AT 40493 
Order 
as a chip set with the AT 40392 
in the same speed. 
see page 9-9 


No. of Pins: 
PQFP 160 
CPU Clock 
Package 
Temperature 
Power 


(MHz) 
Q 
Rang.- 
Supply 


25 
• 
C 
5% 
33 
• 
C 
5% 
50 
• 
C 
5% 


Package 
Type 


Q 
I 
1600, 
160 Lead, Plastic Gull Wing Ouad Flat Package (POFP) 


Temperature 
Range 


C 
I 
Commercial 
(O°C to 70°C) 


AlmEL 


AlmEL 


AT 40495 
Order as a chip set with the AT40392 in the same speed. 
see page 9-15 


No. of Pins: 
PQFP 160 
CPUClock 
Package 
Temperature 
Power 


(MHz) 
Q 
Range 
Supply 


25 
• 
C 
5% 


33 
• 
C 
5% 


50 
• 
C 
5% 


Package 
Type 


Q 
I 
1600,160 
Lead, Plastic Gull Wing Ouad Flat Package (POFP) 


Temperature 
Range 


C 
I 
Commercial 
(O°C to 70°C) 


CMOS Logic 


AT40498 
see page 9-17 


No. of Pins: 
PQFP208 
CPU Clock 
Package 
Temperature 
Power 


(MHz) 
a 
Range 
Supply 


25 
• 
C 
5% 


33 
• 
C 
5% 


50 
• 
C 
5% 


Package 
Type 


Q 
I 
2080, 
208 Lead, Plastic Gull Wing Ouad Flat Package (POfP) 


Temperature 
Range 


C 
I 
Commercial 
(O°C to 70°C) 


AlmEL 


• 


A1IDEL 


AT40281 
see page 9-21 


No. of Pins: 
PQFP 160 
CPUClock 
Package 
Temperature 
Power 


(MHz) 
Q 
Range 
Supply 


16 
• 
C 
5% 


20 
• 
C 
5% 


25 
• 
C 
5% 


33 
• 
C 
5% 


40 
• 
C 
5% 


Package 
Type 


Q 
I 
1600, 
160 Lead, Plastic Gull Wing Ouad Flat Package (POFP) 


Temperature 
Range 


C 
I 
Commercial 
(O°C to 70°C) 


________________ 
CMOS Logic 


• 
AT40283 
see page 9-25 


No. of Pins: 
PQFP 160 
CPU Clock 
Package 
Temperature 
Power 


(MHz) 
a 
Range 
Supply 


16 
• 
C 
5% 
20 
• 
C 
5% 
25 
• 
C 
5% 
33 
• 
C 
5% 


Package 
Type 


Q 
I 
1600, 160 Lead, Plastic Gull Wing Ouad Flat Package (POFP) 
I 


Temperature 
Range 


C 
I 
Commercial 
(O°C to 70°C) 


AlmEL 


AlmEL 


AT40206 
see page 9-29 


No. of Pins: 
PQFP 100. 
CPU Clock 
Package 
Temperature 
Power 


PlCC84 
(MHz) 
J 
Q 
Range 
Supply 


8 
• 
I 
• 
C 
5% 


Package 
Type 
J 
I 
84J, 84 lead, 
Plastic J-leaded 
Chip Carrier (PlCC) 


Q 
I 
10002,100 
lead, 
Plastic Gull Wing Ouad Flat Package (POFP) 


Temperature 
Range 


C 
I 
Commercial 
(O°C to 70°C) 
CMOS Logic 
_ 


• 
AT43216 
see page 9-33 


No. of Pins: 
PLCC 84 
CPU Clock 
Package 
Temperature 
Power 


(MHz) 
J 
Range 
Supply 


40 
• 
C 
10% 


Package 
Type 


J 
I 
84J, 84 Lead, Plastic J-Leaded Chip Carrier (PLCC) 


Temperature 
Range 


C 
I 
Commercial 
(O°C to 70°C) 


AlmEL 


AT 40957 
Order as a chip set with the AT40958 and the AT40959 in the same speed. 
see page 9-37 


No. of Pins: 
PQFP 184 
CPUClock 
Package 
Temperature 
Power 


(MHz) 
02 
Range 
Supply 


33 
• 
C 
5% 


50 
• 
C 
5% 


66 
• 
C 
5% 


AT 40958 
Order as a chip set with the AT40957 and the AT40959 in the same speed. 
see page 9-37 


No. of Pins: 
PQFP 184 
CPUClock 
Package 
Temperature 
Power 


(MHz) 
02 
Range 
Supply 


33 
• 
C 
5% 


50 
• 
C 
5% 


66 
• 
C 
5% 


AT 40959 
Order as a chip set with the AT40957 and the AT40958 in the same speed. 
see page 9-37 


No. of Pins: 
PQFP 160 
CPU Clock 
Package 
Temperature 
Power 


(MHz) 
01 
Range 
Supply 


33 
• 
C 
5% 


50 
· 
C 
5% 


66 
• 
C 
5% 


Package Type 


Q1 
I 
1600,160 
Lead, Plastic Gull Wing Ouad Flat Package (POFP) 


Q2 
I 
1840,184 
Lead, Plastic Gull Wing Ouad Flat Package (POFP) 


Temperature 
Range 
C 
I 
Commercial 
(O°C to 70°C) 


CMOS Logic 


Mixed Signal 


AT76C10 
see page 11-3 


Delay (ms): 1.8 
Bandwidth 
Package 
Temperature 
Power 
Gain (dB): 
31.5 
(kHz) 
0 
P 
S 
Range 
Supply 
No. of Pins: DIP 16, 


4 
C 
10% 
SOlC16 
• 
• 
4 
• 
• 
I 
10% 


4 
• 
M 
5% 


AT76C10E 
see page 11-11 


Delay (ms): 1.8 
Bandwidth 
Package 
Temperature 
Power 
Gain (dB): 
31.5 
(kHz) 
0 
P 
S 
Range 
Supply 
No. of Pins: DIP 16, 


4 
C 
10% 
SOlC16 
• 
• 


4 
• 
• 
I 
10% 


4 
• 
M 
5% 


Package 
Type 


D 
16D3, 16 Lead, 0.300" Wide, Non-Windowed, 
Ceramic Duallnline 
Package (Cerdip) 


P 
16P3, 16 Lead, 0.300" Wide, Plastic Duallnline 
Package (PDIP) 


5 
16S, 16 Lead, 0.300" Wide, Plastic Gull Wing Small Outline (SOIC) 


Temperature 
Range 


C 
Commercial 
(O°C to 70°C) 


I 
Industrial 
(-40°C to 85°C) 


M 
Military 
(-55°C to 125°C) 


AlmEL 


• 


AlmEL 


~~ 


AT76C120 
see page 11-19 


Organization: Dual 16/18-bit AID 
Speed 
Signal-to- 
Accuracy 
Package 
Temperature 
Power 


No. of Pins: 
DIP 24, 
(kHz) 
Noise (dB) 
(%FRS) 
0 
P 
R 
Range 
Supply 


SOlC24 
90 
±0.006 
C 
10% 
96 
• 
96 
90 
±0.006 
• 
I 
10% 


96 
90 
±0.006 
• 
M 
5% 


96 
84 
±0.01 
• 
• 
C 
10% 


96 
84 
±0.01 
· . 
I 
10% 


96 
84 
±0.01 
• 
M 
5% 


Package 
Type 


D 
24D6. 24 Lead. 0.600· Wide. Non-Windowed, 
Ceramic Duallnline 
Package (Cerdip) 


P 
24P6. 24 Lead. 0.600· Wide. Plastic Duallnline 
Package (PDIP) 


R 
24R. 24 Lead. 0.330" Wide. Plastic GUll Wing Small Outline (SOl C) 


Temperature 
Range 


C 
Commercial 
(O°C to 70°C) 


I 
Industrial 
(-40°C to 85°C) 
M 
Military 
(-55°C to 125°C) 
Mixed Signal 
_ 


Mixed Signal 


AD-120 
see page 11-27 


Organization: 
Dual 16/18-bitAJD 
Speed 
Signal-to- 
Accuracy 
Temperature 
Power 
Development 
Kit 
(kHz) 
Noise 
(dB) 
(%FRS) 
Range 
SUpply 
for PC/AT 
84 
±0.1 
C 
10% 
Board, S. W. & Cables 
96 


AlmEL 
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AT76C176 
see page 11-31 


Organization: 
Speed 
Package 
Temperature 
Power 
D/A: 
Triple 6-bit 
(MHz) 
0 
L 
P 
Range 
Supply 
RAM: 256 x 18 
C 
10% 
No. of Pins: DIP 28, 
40 
• 


LCC32 
40 
• 
I 
10% 
40 
• 
• 
M 
5% 
50 
• 
C 
10% 
50 
• 
I 
10% 
66 
• 
C 
5% 


Package Type 


D 
28D6, 28 Lead, 0.600" Wide, Non-Windowed, 
Ceramic Duallnline 
Package (Cerdip) 


L 
32L, 32 Pad, Non-Windowed, 
Ceramic Leadless Chip Carrier (LCC) 
P 
28P6, 28 Lead, 0.600" Wide, Plastic Duallnline 
Package (PDIP) 


Temperature Range 


C 
Commercial 
(O°C to 70°C) 
I 
Industrial 
(-40°C to 85°C) 


M 
Military 
(-55°C to 125°C) 


_________________ 
Mixed Signal 


AT76C176A 
see page 11-43 


Organization: 
Speed 
Package 
Temperature 
Power 
D/A: 
Triple 6-bit 
(MHz) 
0 
J1 
J2 
L 
P 
Range 
Supply 


RAM: 256 x 18 
C 
10% 
No. of Pins: DIP 28, 
50 
• 
• 
• 


LCC32,44 
50 
• 
• 
• 
I 
10% 


50 
• 
• 
M 
5% 


66 
• 
• 
• 
C 
10% 


66 
• 
• 
• 
I 
10% 


66 
• 
• 
M 
5% 


80 
• 
• 
• 
C 
10% 


80 
• 
• 
• 
I 
10% 


110 
• 
• 
• 
C 
5% 


135 
• 
• 
• 
C 
5% 


Package 
Type 


D 
2806, 28 Lead, 0.600" Wide, Non-Windowed, 
Ceramic Ouallnline 
Package (Cerdip) 


J1 
32J, 32 Lead, Plastic J-Leaded 
Chip Carrier (PLCC) 


J2 
44J, 44 Lead, Plastic J-Leaded 
Chip Carrier (PLCC) 
L 
32L, 32 Pad, Non-Windowed, 
Ceramic Leadless Chip Carrier (LCC) 


P 
28P6, 28 Lead, 0.600" Wide, Plastic Duallnline 
Package (PDIP) 


Temperature 
Range 


C 
Commercial 
(O°C to 70°C) 
I 
Industrial 
(-40°C to 85°C) 


M 
Military 
(-55°C to 125°C) 


AlmEL 


• 


AlmEL ------ 


Ordering 


Explanation of Atmel's Part Number Code 
• 


All Atmel part numbers begin with the prefix "AT." The next 
military compliance. 
The available 
options 
for each part are 
four to nine digits are the part number. In addition, Atmel parts 
listed at the back of its data sheet in its "Ordering Information" 


can be ordered in particular speeds, in specific packages, for par- 
table. These options are designated 
by the following 
suffixes 
ticular temperature 
ranges and with the option of 883C level B 
placed at the end of the Atmel part number, in the order given: 


Prefix 
~ 
Device - 
Suffix 
xxxxx 
x x x X 
t 
Processing 
Blank = 
Standard 
/883 
MIL-STD-883, 
Class B Fully Compliant 
B 
MIL-STD-883, 
Class B Non-Compliant 


Temperature Range 
C 
= 
Com Temp (OoCto 70°C) 
I 
= 
Ind Temp 
(-40°C to 85°C) 
M = 
Mil Temp 
(-55°C to 125°C) 


Package 
B 
Ceramic Side Braze Dual Inline 
C 
Cerpack 
D 
Cerdip 
F 
Flatpack 
G 
Cerdip, One Time Programmable 
J 
Plastic J-Lead Chip Carrier 
K 
Ceramic J-Lead Chip Carrier 
L 
Leadless Chip Carrier 
M = 
Ceramic Module 
N 
Leadless Chip Carrier, One Time Programmable 
P 
Plastic DIP 
Q 
Plastic Quad F1atpack 
R 
SOIC 
S 
SOIC 
T 
TSOP 
U 
PGA 
V 
TAB 
W = 
Die 
Y 
Cerpack 
Z 
= 
Ceramic Multi-Chip Module 


Atmel 
Part 
Option 
Package 
Temperature 
NU1~~~ 


AliiII 


Product Information 


E2pROMs 


PEROMs (Flash) 


EPROMs 


PROMs 


SRAMs 


EPLDs 


Gate Arrays 


Logic 


Smart Card ICs 


Mixed Signal 


Microcontroller 


Packaging Services 


Quality and Reliability 


Military 


Die Products 


Standard Package Outlines 


AlmEL 
------ 


Serial E2PROMs 
AT24C01 
AT24C01A 
AT24C02 
AT24C04 
AT24C08 
AT24C16 
AT24C164 
AT93C46 
AT93C56 
AT93C57 
AT93C66 
AT59C11 
AT59C22 
AT59C13 


AT28C04 
AT28C16 
AT28C17 
AT28C64 
AT28C64X 
AT28HC64/L 
AT28 LV64 
AT28C64B 
AT28PC64 
AT28C256 
AT28HC256/L 
AT28C1024 
AT28C010 
AT28MC020 
AT28 MC040 


128 x 8 
128 x 8 
256 x 8 
512 x 8 
1024 x 8 
2048 x 8 
2048 x 8 
64 x 16 / 128 x 8 
128 x 16 / 256 x 8 
128 x 16 / 256 x 8 
256 x 16/512 
x 8 
64 x 16/ 128 x 8 
128 x 16 / 256 x 8 
256 x 16/512 
x 8 


512x8 
2Kx 8 
2Kx 8 
8Kx 8 
8Kx 8 
8Kx 8 
8Kx 8 
8Kx 8 
8Kx 8 
32Kx 8 
32K x 8 
64K x 16 
128K x 8 
256K x 8 
512K x 8 


2-Wire, 1K Serial E2PROM 
2-3 


2-Wire, 1K Serial E2PROM 
2-13 


2-Wire, 2K Serial E2PROM 
2-13 


2-Wire, 4K Serial E2PROM 
2-13 


2-Wire, 8K Serial E2PROM 
2-13 


2-Wire, 16K Serial E 


2PROM 
2-13 


2-Wire, 16K Serial E2PROM 
2-27 


3-Wire. 1K Serial E 


2PROM 
2-37 


3-Wire, 2K Serial E 


2PROM 
2-37 


3-Wire, 2K Serial E2PROM 
2-37 


3-Wire, 4K Serial E2PROM 
2-37 


4-Wire, 1K Serial E2PROM 
2-51 


4-Wire, 2K Serial E2PROM 
2-51 


4-Wire, 4K Serial E2PROM 
2-51 


4K E2PROM 
2-63 
16K E2PROM 
2-71 
16K E2PROM 
2-81 


64K E2PROM 
2-91 


64K E2PROM without Ready-Busy 
2-91 


High Speed, 64K Paged E2PROM 
2-103 


3-Volt, 64K E2PROM 
2-115 


64K E2PROM with SIW Data Protection 
2-123 


64K E2PROM with Page Mode Write 
2-135 


256K E2PROM 
2-147 


High Speed, 256K Paged E2PROM 
2-159 
1-Mbit E2PROM 
2-173 
1-Mbit E 


2PROM with 128-Byte Page 
2-183 


2-Mbit Paged Module E2PROM 
2-195 


4-Mbit Paged Module E2PROM 
2-205 


E2PROM Application Notes 
Using Atmel's CMOS E 
2PROMs 
2-215 
E2PROM Data Protection 
2-219 


• 


AlmEL 
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Features 
• Low Voltage 
and Standard 
Voltage 
Operation 
5.0 (Vcc = 4.5 V to 6.0 V) 
3.0 (Vcc = 2.7 V to 6.0 V) 
2.5 (Vcc = 2.5 V to 6.0 V) 
2.0 (Vcc = 1.8 V to 6.0 V) 
Internally 
Organized 
128 x 8 


• Two-wire 
Serial 
Interface 


• Bidirectional 
Data Transfer 
Protocol 


• Four-byte 
Page Write 
Mode 


. • Self-timed 
Write 
Cycle (10 ms max) 


• High Reliability 


Endurance: 
100,000 Cycles 
Data Retention: 
100 Years 


• Eight-pin 
PDIP and JEDEC SOIC Packages 


Description 
The AT24COI provides 1024 bits of serial EEPROM (Electrically Erasable and 
Programmable Read Only Memory) organized as 128 words of 8 bits each. The 
device is optimized for use in many industrial and commercial applications where 
low power and low voltage operation are essential. The AT24COI is available in 
space saving eight -pin PDIP and eight-pin sOle packages and is accessed via a two- 
wire serial interface. 
Atmel's EEPROMs are designed and tested for applications 


requiring extended endurance. The AT24COI is guaranteed for 100,000 erase/write 
cycles and 100 year data retention. 
In addition, the entire family is available in 5.0 


V (4.5 V to 6.0 V), 3.0 V (2.7 V to 6.0 V), 2.5 V (2.5 V to 6.0 V) and 2.0 V (1.8 V 
to 6.0 V) versions. 


Pin Name 
Function 


NC 
No Connect 


SDA 
Serial Data 


SCL 
Serial Clock 


Test 
Test Input (GND or Vcc) 


2-Wire 
Serial CMOS 
E2PROM 


NC 
Vcc 


NC 
TEST 
NC0 


Vcc 
2 
7 
NC 
2 
7 
TEST 


NC 
3 
6 
SCL 
NC 
3 
I 
SCL 


GND 
4 
5 
SDA 
GND 
4 
5 
SDA 


8-pln PDIP 
8-pln SOIC 


AlmEl 
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• 


Absolute 
Maximum Ratings· 


Operating Temperature 
-55°C to +125°C 


Storage Temperature 
-65°C to +150°C 


Voltage on Any Pin 
with Respect to Ground 
-1.0 V to +7.0 V 


Maximum Operating Voltage 
6.6 V 


DC Output Current 
5.0 mA 


(8) Vcc __ 
(4)GND- 


(6) SCL 
(5) SDA 


START 
STOP 
LOGIC 


Pin Description 
SERIAL CLOCK (SCL): The SCL input is used to positive 
edge clock data into the E2pROM device and negative edge 
clock data out of each device. 


SERIAL OAT A (SOA): The SOA pin is bidirectional for 
serial data transfer. This pin is open-drain driven and may 
be wire-ORed with any number of other open drain or open 
collector devices. 


AlmEL 


*NOTICE: Stresses beyond those listed under" Absolute Maximwn 
Ratings" may cause permanent damage to the device. This is a stress 
rating only. and functional operation of the device at these or any 
other conditions beyond those indicated in the operational sections 
of this specification is not implied. Exposure to absolute maximwn 
rating conditions for extended periods may affect device reliability. 


SERIAL 
CONTROL 
EN 
LOGIC 


Dour/ACK 


LOGIC 


Memory Page Organization 
AT24a>1. 
IK SERIAL E2pROM: 
Internally organized 


with 128. eight-bit words. the lK requires a seven-bit data 
word address for random word addressing. 


DC Characteristics 
Applicable overrecommended operating rangefrom: TAI = -40°C to +85°C. VCC = + 1.8 V to +6.0 V. TAC = OOCto +700C. Vcc = +1.8 
V to +6.0 V (unless otherwise noted) 


Symbol 
Parameter 
Test Condition 
Mln 
Typ 
Max 
Units 


VCC1(1) 
Supply Voltage 
1.8 
5.0 
6.0 
V 


VCC2 
Supply Voltage 
• 
2.5 
5.0 
6.0 
V 


VCC3 
Supply Voltage 
2.7 
5.0 
6.0 
V 


VCC4 
Supply Voltage 
4.5 
5.0 
5.5 
V 


Icc 
Supply Current Vcc = 5.0 V 
READ at 100 KHz 
0.4 
1.0 
mA 


Icc 
Supply Current Vcc = 5.0 V 
WRITE at 100 KHz 
2.0 
3.0 
mA 


ISB1(1) 
Standby Current Vcc = 1.8 V 
VIN = Vcc or Vss 
0.6 
3.0 
~ 


ISB2 
Standby Current Vcc = 2.5 V 
VIN = Vcc or Vss 
1.4 
4.0 
~ 


ISB3 
Standby Current Vcc = 2.7 V 
VIN = Vcc or Vss 
1.6 
4.0 
~ 


ISB4 
Standby Current Vcc = 5.0 V 
VIN = Vcc or Vss 
8.0 
18.0 
~ 


III 
Input Leakage Current 
VIN = Vcc orVss 
0.10 
3.0 
~ 


ILO 
Output Leakage Current 
VOUT = VccorVss 
0.05 
3.0 
~ 


VIL 
Input Low Level(2) 
-1.0 
Vccx 
0.3 
V 


VIH 
Input High Level(2) 
VccxO.7 
Vcc +0.5 
V 


VOL2 
Output Low Level Vcc = 3.0 V 
IOL= 2.1 mA 
0.40 
V 


VOLl 
Output Low Level Vcc = 1.8 V 
IOL= 1.5 mA 
, 
0.50 
V 


II 


12 


~ 
10 
J 
>- 
.D 
"0 
C 
Gl 


~§. 


2.0 
jt. 
• 
1.0 
>tlc 


Notes: 
1. This parameter 
is preliminary 
and Atmel may change the specifications 
upon further characterization. 
2. VIL min and Vill max are reference 
only and are not tested. 
3. These graphs 
are for reference 
only and are not guaranteed 
by test. 
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Applicable over recommended operating range from TA= -4Q°Cto +85°C, Vcc = +1.8 V to +6.0 V CL = 1TTL Gate and 
100 pF (unless otherwise noted) 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 


fsel 
Clock Frequency, SCL 
0 
100 
kHz 


tLOW 
Clock Pulse Width Low 
4.7 
~ 


tHIGH 
Clock Pulse Width High 
4.0 
~ 


tl 
Noise Suppression 
Time(2) 
60 
100 
ns 


tM 
Clock Low to Data Out Valid 
0.1 
3.5 
I!s 


tSUF 
Time the bus must be free 


before a new transmission 
can start 
4.7 
~ 


tHO.STA 
Start Hold Time 
4.0 
I!s 


tSU.STA 
Start Set-up Time 
4.7 
~ 


tHO.OAT 
Data In Hold Time 
0.0 
~ 


tSU.OAT 
Data In Set-up Time 
50 
ns 


tR 
Inputs Rise Time(2) 
1.0 
~ 


tF 
Inputs Fall Time(2) 
300 
ns 


tsU.STO 
Stop Set-up Time 
4.7 
~ 


tOH 
Data Out Hold Time 
100 
180 
ns 


tWR 
Write Cycle Time 
5 
10 
ms 


Pin Capacitance(2) 
Applicable over recommended operating range from TA = 25°C, f= 1.0 MHz, Vcc = +1.8 V 


Symbol 
Test Condition 
Max 
Units 
Conditions 


Cvo 
InpuUOutput Capacitance 
(SDA) 
8 
pF 
VVO =0 V 


CIN 
Input Capacitance 
(Ao. Al. A2. SCl) 
6 
pF 
VIN = 0 V 


Device Operation 
CLOCK and DATA TRANSITIONS: 
The SCL and SDA 
bus lines are normally pulled high with a resistor. Data on 
the SDA bus may change only during SCL low time periods 
(refer to Data Vali<1ityTiming diagram). 
Data changes 


during SCL high periods will indicate astart or stop condition 
as defined below. 


START CONDITION: 
A high-to-low transition of SDA 


with SCL high is a start condition which must precede any 
other command (refer to Start and Stop Defmition Timing 
diagram). 


STOP CONDITION: 
A low-to-high transition of SDA 


with SCL high is a stop condition which terminates all 
communications. 
After a read sequence. the stop command 


will place the E'PROM in a standby power mode (refer to 
Start and Stop Definition Timing Diagram). 


ACKNOWLEOOE: 
All addresses and data words are 


serially transmitted to and from the E'PROM in eight-bit 
words. Any device on the system bus receiving data (when 
communicating with the E2pROM) must pull the SDA bus 
low to acknowledge that it has successfully received each 
word. This must happen during the ninth clock cycle after 
each word received and after all other system devices have 
freed 
the 
SDA 
bus. 
The 
E2pROM 
will 
likewise 


acknowledge by pulling SDA low after receiving each 
address or data word (refer to Acknowledge Response from 
Receiver Timing diagram). 
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~STO 
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Write Operations 
BYTE WRITE: Following astartcondition, awrite operation 
requires a seven-bit data word address and a low write bit 
Upon receipt of this address, the E2PROM will again 
respond with an acknowledge on SDA and then clock in the 
first eight-bit data word. Following receipt of the eight-bit 
data word, the E2PROM will acknowledge SDA and the 
data transmitting device must terminate the write sequence 
with a stop condition. 
At this time the E2PROM enters an 
internally-timed write cycle 
to the nonvolatile memory. 


All inputs are disabled duIing this write cycle and the 
E2PROM will not respond for communication 
until the 
write is complete (referto Figure 1). 


PAGE WRITE: 
11le AT24COI is capable of a four-byte 
page write. 


A page write is initiated the same as a byte write but the data 
transmitting device does not send a stop condition after the 
first data word is clocked in. Instead, after the E2PROM 
acknowledges 
receipt of the first data word, the data 
transmitting device can transmit up to three more data 
words. The E2PROM will respond with an acknowledge on 
SDA after each data word received. 
The transmitting 
device must terminate the page write sequence with a stop 
condition (refer to Figure 2). 


The data word address 
lower two bits are internally 
incremented following the receipt of each data word. The 
higher five data word address bits are not incremented 
retaining the memory page row location. If more than four 
data words are transmitted to the E2PROM, the data word 
address will "roll over" and previous data will be overwritten. 


ACKNOWLEDGE POLLING: Once the internally-timed 
write cycle has started and the E2PROM inputs are disabled, 


acknowledge polling can be initiated. This involves sending 
a start condition followed by the device address word. The 
read/write bit is representative of the operation desired. 
2 


Only if the internal write cycle has completed will the 
E2PROM respond with an acknowledge on the SDA bus 
allowing the read or write sequence to continue. 


Read Operations 
Read operations are initiated the same way as write operations 
with the exception that the read/write select bit in the device 
address word is set to one. There are two read operations: 
byte read and sequential read. 


BYTEREAD: 
A byte read is initiated with a start condition 
followed by a seven-bit data word address and a high read 
bit 
The AT24COI will respond with an acknowledge and 
then serially transmit eight data bits to the SDA bus. The 
device 
reading 
the data 
does 
not respond 
with 
an 
acknowledge (leaving the SDA bus high) but does generate 
a following stop condition (refer to Figure 3). 


SEQUENTIAL READ: Sequential reads are initiated the 
same as a byte read. 
After the device reading the data 
receives 
an eight-bit 
data word, it responds 
with an 
acknowledge. 
As long as the E2PROM receives 
an 
acknowledge, it will continue to increment the data word 
address and serially clock out sequential data words. When 
the memory address limit is reached, the data word address 
will "roll over" and the sequential read will continue. The 
sequential read operation is terminated when the device 
reading the data does not respond with an acknowledge 
(leaving the SDA bus high) but does generate a following 
stop condition (refer to Figure 4). 
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tWR 
IcC(max) 
Iss(max) 
'MAX 
Ordering 
Code 
Package 
Operation 
Range 
(ms) 
(1lA) 
(j.lA) 
(kHz) 


10 
3000 
18 
100 
AT24C01-10PC 
8P3 
Commercial 
AT24C01-10SC 
8S1 
(O°C to +70°C) 


AT24C01-10PI 
8P3 
Industrial 
AT24C01-10SI 
8S1 
(-40°C to +85°C) 


10 
1500 
4 
100 
AT24C01-10PC-2.7 
8P3 
Commercial 
AT24C01-10SC-2.7 
8S1 
WCto 
+70°C) 


AT24C01-10PI-2.7 
8P3 
Industrial 
AT24C01-10SI-2.7 
8S1 
(-40°C to +85°C) 


10 
1000 
4 
100 
AT24C01-10PC-2.5 
8P3 
Commercial 
AT24C01-10SC-2.5 
8S1 
(O°C to +70°C) 


AT24C01-10PI-2.5 
8P3 
Industrial 
AT24C01-10SI-2.5 
8S1 
(-40°C to +85°C) 


10 
800 
3 
100 
AT24C01-10PC-1.8 
8P3 
Commercial 
AT24C01-10SC-1.8 
8S1 
(O°C to +70°C) 


AT24C01-10PI-1.8 
8P3 
Industrial 
AT24C01-10SI-1.8 
8S1 
(-40°C to +85°C) 


Package 
Type 


8P3 
8 Lead, 0.300· Wide, Plastic Duallnline 
Package (PDIP) 


851 
8 Lead, 0.150" Wide, Plastic Gull Wing Small Outline (JEDEC SOIC) 


Options 


Blank 
Standard Operation (4.5 V to 6.0 V) 


-2.7 
Low Voltage (2.7 V to 6.0 V) 


-2.5 
Low Voltage (2.5 V to 6.0 V) 


-1.8 
Low Voltage (1.8 V to 6.0 V) 
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Features 
• Low Voltage and Standard 
Voltage Operation 
5.0 (Vcc = 4.5 Vto 6.0 V) 
3.0 (Vcc = 2.7 V to 6.0 V) 
2.5 (Vcc = 2.5 Vto 6.0 V) 
2.0 (Vcc = 1.8 V to 6.0 V) 


• Internally Organized 
128 x 8 (1K), 256 x 8 (2K), 512 x 8 (4K), 
1024 x 8 (8K) or 2048 x 8 (16K) 


• Two-wire Serial Interface 
• Bidirectional 
Data Transfer 
Protocol 


• Eight-byte Page (1K, 2K), 16-byte Page (4K, 8K, 16K) Wrne Modes 
• Partial Page Wrnes Are Allowed 
• Self-timed Wrne Cycle (10 ms max) 
• High Reliability 
Endurance: 
100,000 Cycles 
Data Retention: 
100 Years 


• Eight and Fourteen-pin 
JEDEC SOIC and Eight-pin PDIP Packages 


Description 
The AT24COINQ2104108/16 provides 1024/2048/4096/8192/16384 
bits of serial 


EEPROM (Electrically Erasable and Programmable Read Only Memory) organized 
as 128/256/512/1024/2048 words of8 bits each. The device is optimized for use in 
many industrial and commercial applications where low power and low voltage 
operation are essential. 
The AT24COIA/02ft>4108/16 is available in space saving 


eight-pin PDIP, eight-pin and fourteen-pin sOle packages and is accessed via a 
two-wire serial interface. Atrnel's EEPROMs are designed and tested for applications 
requiring extended endurance. 
The AT24COINQ2104108/16 is guaranteed for 


100,000 erase/write cycles and 100year data retention. In addition, the entire family 
is available in 5.0 V (4.5 V to 6.0 V), 3.0 V (2.7 V to 6.0 V), 2.5 V (2.5 V to 6.0 V) 
and 2.0 V (1.8 V to 6.0 V) versions. 


Pin Name 
Function 


Aoto A2 
Address Inputs 


SDA 
Serial Data 


SCl 
Serial Clock 


Test 
Test Input (GNDor Vcc) 


NC 
NoConnect 


NC 
14 
NC 


Ao 
2 
13 
Vrx; 


A1 
3 
12 
TEST 


NC 
11 
NC 


A2 
10 
SCL 


GND 
6 
, 
SDA 


NC 
8 
NC 


2·Wire 
Serial CMOS 
E2PROMs 


1K (128 x 8) 
2K (256 x 8) 
4K (512 x 8) 
8K (1024 x 8) 


16K (2048 x 8) 


14-pln SOIC 


Ao 
8 
vcc 


Al 
2 
7 
TEST ~O,re 
A1 
2 
7 
TEST 
A2 
3 
6 
SCl 
A2 
3 
e 
SCL 


GND 
4 
5 
SDA 
GND 
4 
5 
SDA 


B-plnPDIP 
B-plnSOIC 
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Pin Description 
SERIAL CLOCK (SCL): The SCL input is used to positive 
edge clock data into each E2J>ROMdevice and negative 
edge clock data out of each device. 


SERIAL DATA (SDA): The SDA pin is bidirectional for 
serial data transfer. This pin is open-drain driven and may 
be wire-ORed with any number of other open drain or open 
collector devices. 


DEVICE/PAGE ADDRESSES (A2, AI, AD): The A2, Al 
and AD pins are device address inputs that are hard wired 
for the AT24COIA and the AT24C02. 
As many as eight 
IK/2K devices may be addressed on a single bus system 
(device addressing is discussed in detail under the Device 
Addressing section). 


The AT24C04 uses the A2 and A1 inputs for hard wire 
addressing and a total of four 4K devices may be addressed 
on a single bus system. The AD pin is a no connect. 


The AT24C08 
only uses the A2 input for hardwire 


addressing and a total of two 8K devices may be addressed 
on a single bus system. 
The AD and Al pins are no 
connects. 


The AT24C 16 does not use the device address pins which 
limits the number of devices on a single bus to one. The AD, 
A1 and A2 pins are no connects. 


Memory Organization 
AT24COIA, lK SERIAL E2pROM: Internally organized 
with 128 eight-bit words, the IK requires a seven-bit data 
word address for random word addressing. 


AT24C02, 2K SERIAL E2pROM: 
Internally organized 
with 256 eight-bit words, the 2K requires an eight-bit data 
word address for random word addressing. 


AT24C04. 4K SERIAL E2pROM: The 4K is internally 
organized with two blocks of256 eight-bit words. Random 
word addressing requires a nine-bit data word address. 


AT24C08, 8K SERIAL E2J>ROM: The 8K is internally 
organized with four blocks of256, eight -bit words. Random 
word addressing requires a ten-bit data word address. 


AT24CI6, 16K SERIALE2pROM: 
The 16K is internally 


organized witheight blocksof256, eight-bit words. Random 
word addressing requires an eleven-bit data word address. 


Operating 
Temperature 
-55°C 
to +125°C 


Storage 
Temperature 
-65°C 
to + 150°C 


Voltage 
on Any Pin 
with Respect 
to Ground 
-1.0 V to +7.0 V 


Maximum 
Operating 
Voltage 
6.6 V 


DC Output 
Current 
5.0 mA 


.NOTICE: 
Stressesbeyond those listed under "Absolute Maximwn 
Ratings" may causepermanent damageto the device. This is astress 
rating only, and functional operation of the device at these or any 
other conditions beyond those indicated in the operational sections 
2 


of this specification is not implied. Exposure to absolute maximwn 
rating conditions for extended periods may affect device reliability. 


DC Characteristics 
Applicable over recommended operating range from: TAl = 40°C to +85°C, VCC= + 1.8 V to +6.0 V, T AC= OOCto +700C, VCC= + 1.8 
V to +6.0 V (unless otherwise noted) 


Symbol 
Parameter 
Test 
Condition 
Mln 
Typ 
Max 
Units 


VCC1(1) 
Supply 
Voltage 
1.8 
5.0 
6.0 
V 


VCC2 
Supply 
Voltage 
2.5 
5.0 
6.0 
V 


VCC3 
Supply 
Voltage 
2.7 
5.0 
6.0 
V 


VCC4 
Supply 
Voltage 
4.5 
5.0 
5.5 
V 


Icc 
Supply 
Current 
Vcc 
= 5.0 V 
READ at 100 KHz 
0.4 
1.0 
mA 


Icc 
Supply 
Current 
Vcc 
= 5.0 V 
WRITE 
at 100 KHz 
2.0 
3.0 
mA 


1581(1) 
Standby 
Current 
Vcc = 1.8 V 
VIN = Vcc 
orVss 
0.6 
3.0 
~ 


IS82 
Standby 
Current 
Vcc = 2.5 V 
VIN = Vcc 
or Vss 
1.4 
4.0 
~ 


IS83 
Standby 
Current 
Vcc = 2.7 V 
VIN = Vcc 
or Vss 
1.6 
4.0 
~ 


IS84 
Standby 
Current 
Vcc = 5.0 V 
VIN = Vcc 
or Vss 
8.0 
18.0 
~ 


III 
Input Leakage 
Current 
VIN = VccorVss 
0.10 
3.0 
~ 


ILO 
Output 
Leakage 
Current 
Your = Vcc or Vss 
0.05 
3.0 
~ 


VIL 
Input Low Level(2) 
-1.0 
Vccx 
0.3 
V 


VIH 
Input High Level(2) 
Vccx 
0.7 
Vcc+0.5 
V 


VOL2 
Output 
Low Level Vcc 
= 3.0 V 
IOL= 2.1 mA 
0040 
V 


VOLl 
Output 
Low Level Vcc = 1.8 V 
IOL= 1.5 mA 
0.50 
V 


12 
i' 
10 
~ 
~~t. 


>- 
SJ 
'ac: 
J!! 
lJ) 


0 


0.0 
1.Q 
2.0 
3.0 
4.0 


Voltage (volts) 


i'.s 
2.0 
J 


~ 
1.0 
~ 


Voltage (volts) 


Notes: 
1. This parameteris preliminary and Aunet may changethe specifications upon further characterization. 
2. VII. min and Vrn max arereferenceonly and arenot tested. 
3. Thesegraphs arefor referenceonly and arenot guaranteedby test. 
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AC Characteristics 
Applicable over recommended operating range from TA= -40°C to +85°C, Vcc = +1.8 V to +6.0 V CL = I TTL Gate and 
100 pF (unless otherwise noted) 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 


fSCL 
Clock Frequency. SCl 
0 
100 
kHz 


tLOW 
Clock Pulse Width low 
4.7 
IJ.S 


tHIGH 
Clock Pulse Width High 
4.0 
IJ.S 


tl 
Noise Suppression 
Time(2) 
60 
100 
ns 


tAA 
Clock low to Data Out Valid 
0.1 
3.5 
IJ.S 


tauF 
Time the bus must be free 
before a new transmission 
4.7 
IJ.S 
can start 


tHO.STA 
Start Hold Time 
4.0 
IJ.S 


tSU.STA 
Start set-up Time 
4.7 
IJ.S 


tHO.OAT 
Data In Hold Time 
0.0 
IJ.S 


tSU.OAT 
Data In Set-up Time 
50 
ns 


tR 
Inputs Rise Time(2) 


o. 
1.0 
IJ.S 


tF 
Inputs Fall Time(2) 


0 
300 
ns 


tSU.STO 
Stop Set-up Time 
4.7 
IJ.S 


tOH 
Data Out Hold Time 
100 
180 
ns 


tWR 
Write Cycle Time 
5 
10 
ms 


Pin Capacitance(2) 
Applicable over recommended operating range from TA = 25°C. f= 1.0 MHz. Vcc = +1.8 V 


Symbol 
Test Condition 
Max 
Units 
Conditions 


Cvo 
InpuUOutput Capacitance 
(SDA) 
8 
pF 
Vvo = 0 V 


CIN 
Input Capacitance 
(Ao. Al. A2. SCl) 
6 
,. 
pF 
VIN = 0 V 


Device Operation 
CLOCK and DATA TRANSITIONS: 
The SCL and SDA 
bus lines are normally pulled high with a resistor as shown 
in Figure 7. Data on the SDA bus may change only during 
SCL low time periods (refer to Data Validity Timing 
diagram). 
Data changes during SCL high periods will 
indicate a start or stop condition as defined below. 


START CONDITION: 
A high-to-Iow transition of SDA 
with SCL high is a start condition which must precede any 
other command (refer to Start and Stop Definition Timing 
diagram). 


STOP CONDITION: 
A low-to-high transition of SDA 


with SCL high is a stop condition which terminates all 
communications. After a read sequence. the stop command 


will place the E2pROM in a standby power mode (refer to 
Start and Stop Definition Timing Diagram). 


ACKNOWLEDGE: 
All addresses and data words are 


serially transmitted to and from the E2pROM in eight-bit 
words. Any device on the system bus receiving data (when 
communicating with the E2pROM) must pull the SDA bus 
low to acknowledge that it has successfully received each 
word. This must happen during the ninth clock cycle after 
each word received and after all other system devices have 
freed 
the 
SDA 
bus. 
The 
E2pROM 
will 
likewise 


acknowledge by pulling SDA low after receiving each 
address or data word (referto Acknowledge Response from 
Receiver Timing diagram). 
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Device Addressing 


The lK, 2K, 4K, 8K and 16K E2PROM devices all require 
an eight-bit device address word following a start condition 
to enable the chip for a read or write operation (refer to 
Figure 1). 


The device address word consists of a mandatory one, zero 
sequence for the first four most significant bits as shown. 
This is common to all the E2PROM devices. 


The next three bits are the A2, A1and AD device address bits 
for the lK/2K E2PROM. These three bits must compare to 
their corresponding hard-wired input pins. 


The 4K E2PROM only uses the A2 and Al device address 
bits with the third bit being a memory page address bit. The 
two device address bits must compare to their corresponding 
hard-wired input pins. The AD pin is no connect. 


The 8K E2PROM only uses the A2 device address bit with 
the next two bits being for memory page addressing. The 
A2 bit must compare to its corresponding hard-wired input 
pin. The AI and AD pins are no connect. 


The 16Kdoes not use any device address bits but instead the 
three bits are used for memory page addressing. These page 
addressing bits on the 4K and 16K devices should be 
considered the most significant bits of the data word address 
which follows. The AD, Al and A2 pins are no connect. 


The eighth bit of the device address is the read/write 
operation select bit. A read operation is initiated if this bit 
is high and a write operation is initiated if this bit is low. 


Upon a compare of the device address, the E2pROM will 
output an acknowledge on the SDA bus. If a compare is not 
made, the chip will return to a standby state. 


Write Operations 
BYTE WRITE: A write operation requires an eight-bit data 
word address following 
the device 
address word and 


acknowledgement. 
Upon receipt of this address, 
the 


E2PROM will again respond with an acknowledge on SDA 
and then clock in the first eight-bit data word. Following 
receipt of the eight-bit 
data word, the E2PROM will 


acknowledge SDA and the data transmitting device must 
terminate the write sequence with a stop condition. At this 
time the E2PROM enters an internally-timed write cycle to 
the nonvolatile memory. All inputs are disabled during this 
write 
cycle 
and the E2PROM will not respond 
for 


communication until the write is complete (refer to Figure 
2). 


PAGE WRITE: The IK/2KE2pROMiscapableofaneight- 
byte page write, and the 4K, 8K and 16K devices are 
capable of sixteen-byte page writes. 


Apage write is initiated the same as abyte write, but the data 
transmitting device does not send a stop condition after the 
first data word is clocked in. Instead, after the E2PROM 
acknowledges 
receipt of the first data word, the data 


transmitting device can transmit up to seven (l K/2K) or 
fifteen (4K, 8K, 16K) more data words. The PPROM will 


respond with an acknowledge on SDA after each data word 
received. The transmitting device must terminate the page 
write sequence with a stop condition (refer to Figure 3). 


The data word address lower three (IK/2K)orfour(4K, 
8K, 
2 


16K) bits are internally incremented following the receipt 
of each data word. The higher data word address bits are not 
incremented retaining the memory page row location. 
If 


more than eight (lK/2K) 
or sixteen (4K, 8K, 16K) data 


words are transmitted 
to the E2PROM, the data word 


address will "roll over" and previous data will be overwritten. 


ACKNOWLEDGE POLLING: 
Once the internally-timed 


write cycle has started and the E2PROM inputs are disabled, 
acknowledge polling can be initiated. This involves sending 
a start condition followed by the device address word. The 
read/write bit is representative of the operation desired. 
Only if the internal write cycle has completed will the 
E2PROM respond with an acknowledge on the SDA bus 
allowing the read or write sequence to continue. 


Read Operations 
Read operations are initiated the same way as write operations 
with the exception that the read/write select bit in the device 
address word is set to one. There are three read operations: 
current address read, random address read and sequential 
read. 


CURRENT ADDRESS READ: 
The internal data word 


address counter maintains the last address accessed during 
the last read or write operation, incremented by one. This 
address stays valid between operations as long as the chip 
power is maintained. 
If the last operation was a read at 


address n, then the current address would be n+ I. If the final 
operation was a write at address n, the current address 
would again be n+ 1with one exception. If address n was the 
eighth (lK/2K) or sixteenth (4K, 8K, 16K) byte address in 
the memory row, the incremented address n+ I would "roll 
over" to the 1st byte address of the same row. 


Once the device address with the read/write select bit set to 
one is clocked in and acknowledged by the PPROM, 
the 


current address data word is serially clocked out. 
The 


device that is reading the data does not respond with an 
acknowledge (leaving the SDA bus high) but does generate 
a following stop condition (refer to Figure 4) 


RANDOM READ: 
A random read requires a "dummy" 


byte write sequence to load in the data word address. Once 
the device address word and data word address are clocked 
in and acknowledged by the PPROM, 
the transmitting 


device 
must 
generate 
another 
start 
condition. 
The 


transmitting device now initiates a current address read by 
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sending a device address with the read/write select bit high. 
The E2pROM acknowledges the device address and serially 
clocks out the data word. The device reading the data does 
not respond with an acknowledge (leaving the SDA bus 
high) but does generate a following stop condition (refer to 
Figure 5). 


SEQUENTIAL READ: 
Sequential reads are initiated by 
either a current address read or a random address read. After 
the device reading the data receives a data word, it responds 


AlmEL 


with an acknowledge. As long as the E2pROM receives an 
acknowledge, it will continue to increment the data word 
address and serially clock out sequential data words. When 
the memory address limit is reached, the data word address 
will "roll over" and the sequential read will continue. The 
sequential read operation is terminated when the device 
reading the data does not respond with an acknowledge 
(leaving the SDA bus high) but does generate a following 
stop condition (refer to Figure 6). 
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tWR 
Icc(max) 
IS8 (max) 
fMAX 
Ordering 
Code 
Package 
Operation 
Range 
(ms) 
(jlA) 
(jlA) 
(kHz) 


10 
3000 
18 
100 
AT24C01A-l0PC 
8P3 
Commercial 


AT24C01A-l0SC 
8S1 
(O°C to +70°C) 


AT24C01A-l0PI 
8P3 
Industrial 


AT24COl A-l OSI 
8S1 
(-40°C to +85°C) 


10 
1500 
4 
100 
AT24C01A-l0PC-2.7 
8P3 
Commercial 


AT24C01A-l0SC-2.7 
8S1 
(O°C to +70°C) 


AT24COl A-l OPI-2.7 
8P3 
Industrial 


AT24COl A-l OSI-2.7 
8S1 
(-40°C to +85°C) 


10 
1000 
4 
100 
AT24COl A-l OPC-2.5 
8P3 
Commercial 


AT24COl A-l OSC-2.5 
8S1 
(O°C to +70°C) 


AT24COl A-l OPI-2.5 
8P3 
Industrial 


AT24COl A-l OSI-2.5 
8S1 
(-40°C to +85°C) 


10 
800 
3 
100 
AT24C01A-l0PC-l.8 
8P3 
Commercial 


AT24COl A-l OSC-l.8 
8S1 
(O°C to +70°C) 


AT24COl A-l OPI-l.8 
8P3 
Industrial 


AT24COl A-l OSI-l.8 
8S1 
(-40°C to +85°C) 


Package 
Type 


8P3 
8 Lead, 0.300· Wide, Plastic DuallnLine 
Package (PDIP) 


881 
8 Lead, 0.150· Wide, Plastic Gull Wing Small Outline (JEDEC SOIC) 


148 
14 Lead, 0.150· Wide, Plastic Gull Wing Small Outline (SOIC) 


Options 


Blank 
Standard Operation 
(4.5 V to 6.0 V) 


-2.7 
Low Voltage (2.7 V to 6.0 V) 


-2.5 
Low Voltage (2.5 V to 6.0 V) 


-1.8 
Low Voltage (1.8 V to 6.0 V) 


tWR 
Icc(max) 
ISB(max) 
fMAX 
Ordering 
COde 
Package 
Operation 
Range 
(ms) 
(lIA) 
(lIA) 
(kHz) 


10 
3000 
18 
100 
AT24C02-10PC 
8P3 
Commercial 


AT24C02N-10SC 
8S1 
(O°C to +70°C) 


AT24C02-10SC 
14S 


AT24C02-10PI 
8P3 
Industrial 


AT24C02N-10SI 
8S1 
(-40°C to +85°C) 


AT24C02-10SI 
14S 


10 
1500 
4 
100 
AT24C02-1 OPC-2.7 
8P3 
Commercial 


AT24C02N-1 OSC-2.7 
8S1 
(O°C to +70°C) 


AT24C02-1 OSC-2.7 
14S 


AT24C02-10PI-2.7 
8P3 
Industrial 


AT24C02N-1 OSI-2.7 
8S1 
(-40°C to +85°C) 


AT24C02-10SI-2.7 
14S 


10 
1000 
4 
100 
AT24C02-10PC-2.5 
8P3 
Commercial 


AT24C02N-10SC-2.5 
8S1 
(O°C to +70°C) 


AT24C02-10SC-2.5 
14S 


AT24C02-10PI-2.5 
8P3 
Industrial 


AT24C02N-10SI-2.5 
8S1 
(-40°C to +85°C) 


AT24C02-10SI-2.5 
14S 


10 
800 
3 
100 
AT24C02-10PC-1.8 
8P3 
Commercial 


AT24C02N-10SC-1.8 
8S1 
(O°C to +70°C) 


AT24C02-10SC-1.8 
14S 


AT24C02-10PI-1.8 
8P3 
Industrial 


AT24C02N-10SI-1.8 
8S1 
(-40°C to +85°C) 


AT24C02-10SI-108 
14S 


Package 
Type 


8P3 
8 Lead, 0.300" Wide, Plastic Dual InLine Package (PDIP) 


881 
8 Lead, 0.150" Wide, Plastic Gull Wing Small Outline (JEDEC SOIC) 


148 
14 Lead, 0.150" Wide, Plastic Gull Wing Small Outline (SOIC) 


Options 


Blank 
Standard Operation (4.5 V to 6.0 V) 


-2.7 
Low Voltage (2.7 V to 6.0 V) 


-2.5 
Low Voltage (2.5 V to 6.0 V) 


-1.8 
Low Voltage (1.8 V to 6.0 V) 
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tWR 
Icc(max) 
ISB (max) 
fMAX 
Ordering 
COde 
Package 
Operation 
Range 
(ms) 
(~) 
(~) 
(kHz) 


10 
3000 
18 
100 
AT24C04-10PC 
8P3 
Commercial 


AT24C04N-10SC 
8S1 
(O°C to +70°C) 


AT24C04-10SC 
14S 


AT24C04-10PI 
8P3 
Industrial 


AT24C04N-10SI 
8S1 
(-40°C to +85°C) 


AT24C04-10SI 
14S 


10 
1500 
4 
100 
AT24C04-1 OPC-2.7 
8P3 
Commercial 


AT24C04N-1 OSC-2.7 
8S1 
(O°C to +70°C) 


AT24C04-10SC-2.7 
14S 


AT24C04-10PI-2.7 
8P3 
Industrial 


AT24C04N-10SI-2.7 
8S1 
(-40°C to +85°C) 


AT24C04-10SI-2.7 
14S 


10 
1000 
4 
100 
AT24C04-10PC-2.5 
8P3 
Commercial 


AT24C04N-10SC-2.5 
8S1 
(O°C to +70°C) 


AT24C04-10SC-2.5 
14S 


AT24C04-10PI-2.5 
8P3 
Industrial 


AT24C04N-10SI-2.5 
8S1 
(-40°C to +85°C) 


AT24C04-10SI-2.5 
14S 


10 
800 
3 
100 
AT24C04-10PC-1.8 
8P3 
Commercial 


AT24C04N-10SC-1.8 
8S1 
(O°C to +70°C) 


AT24C04-10SC-1.8 
14S 
, 


AT24C04-10PI-1.8 
8P3 
Industrial 


AT24C04N-10SI-1.8 
8S1 
(-40°C to +85°C) 


AT24C04-10SI-1.8 
14S 


Package 
Type 


8P3 
8 Lead, 0.300" Wide. Plastic DuallnLine 
Package (PDIP) 


851 
8 Lead. 0.150" Wide. Plastic Gull Wing Small Outline (JEDEC SOIC) 


145 
14 Lead, 0.150" Wide, Plastic Gull Wing Small Outline (SOIC) 


Options 


Blank 
Standard Operation 
(4.5 V to 6.0 V) 


-2.7 
Low Voltage (2.7 V to 6.0 V) 


-2.5 
Low Voltage (2.5 V to 6.0 V) 
. 


-1.8 
Low Voltage (1.8 V to 6.0 V) 


tWR 
Icc(max) 
ISB(max) 
'MAX 
OrderIng 
Code 
Package 
Operation 
Range 
(ms) 
(jJ.A) 
(jJ.A) 
(kHz) 


10 
3000 
18 
100 
AT24C08-10PC 
8P3 
Commercial 


AT24C08N-10SC 
8S1 
(DOC10 +70°C) 


AT24C08-10SC 
14S 


AT24C08-10PI 
8P3 
Induslrial 


AT24C08N-10SI 
8S1 
(-40°C to +85°C) 


AT24C08-10SI 
14S 


10 
1500 
4 
100 
AT24C08-10PC-2.7 
8P3 
Commercial 


AT24C08N-1 OSC-2.7 
8S1 
(O°C to +70°C) 


AT24C08-1 OSC-2.7 
14S 


AT24C08-10PI-2.7 
8P3 
Industrial 


AT24C08N-10SI-2.7 
8S1 
(-40°C to +85°C) 


AT24C08-10SI-2.7 
14S 


10 
1000 
4 
100 
AT24C08-10PC-2.5 
8P3 
Commercial 


AT24C08N-10SC-2.5 
8S1 
(O°C 10 +70°C) 


AT24C08-10SC-2.5 
14S 


AT24C08-10PI-2.5 
8P3 
Induslrial 


AT24C08N-10SI-2.5 
8S1 
(-40°C 10 +85°C) 


AT24C08-10SI-2.5 
14S 


10 
800 
3 
100 
AT24C08-10PC-1.8 
8P3 
Commercial 


AT24C08N-10SC-1.8 
8S1 
(O°C 10 +70°C) 


AT24C08-10SC-1.8 
14S 


AT24C08-10PI-1.8 
8P3 
Industrial 


AT24C08N-1 OSI-1.8 
8S1 
(-40°C 10 +85°C) 


AT24C08-10SI-1.8 
14S 


Package 
Type 


8P3 
8 Lead, 0.300· Wide, Plaslic DuallnLine 
Package (PDIP) 


851 
8 Lead, 0.150· Wide, Plaslic Gull Wing Small Outline (JEDEC SOIC) 


145 
14 Lead, 0.150· Wide, Plastic Gull Wing Small Outline (SOl C) 


Options 


Blank 
Slandard 
Operalion 
(4.5 V 106.0 V) 


-2.7 
Low Voltage (2.7 V 106.0 V) 


-2.5 
Low Voltage (2.5 V 10 6.0 V) 


-1.8 
Low Voltage (1.8 V to 6.0 V) 
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tWR 
Icc(max) 
ISB(max) 
fMAX 
Ordering 
COde 
Package 
Operation 
Range 


(ms) 
(JJA) 
(JJA) 
(kHz) 


10 
3000 
18 
100 
AT24C16-10PC 
8P3 
Commercial 


AT24C16N-10SC 
8S1 
WC 
to +70°C) 


AT24C16-10SC 
14S 


AT24C16-10PI 
8P3 
Industrial 


AT24C16N-10SI 
8S1 
(-40°C to +85°C) 


AT24C16-10SI 
14S 


10 
1500 
4 
100 
AT24C16-10PC-2.7 
8P3 
Commercial 


AT24C16N-l0SC-2.7 
8S1 
(O°C to +70°C) 


AT24C16-10SC-2.7 
14S 


AT24C16-10PI-2.7 
8P3 
Industrial 


AT24C16N-10SI-2.7 
8S1 
(-40°C to +85°C) 


AT24C16-10SI-2.7 
14S 


10 
1000 
4 
100 
AT24C16-10PC-2.5 
8P3 
Commercial 


AT24C16N-l0SC-2.5 
8S1 
(O°C to +70°C) 


AT24C16-10SC-2.5 
14S 


AT24C16-10PI-2.5 
8P3 
Industrial 


AT24C16N-10SI-2.5 
8S1 
(-40°C to +85°C) 


AT24C16-10SI-2.5 
14S 


10 
800 
3 
100 
AT24C16-10PC-1.8 
8P3 
Commercial 


AT24C16N-10SC-1.8 
8S1 
(O°C to +70°C) 


AT24C16-10SC-1.8 
14S 


AT24C16-10PI-1.8 
8P3 
Industrial 


j 
AT24C16N-10SI-1.8 
8S1 
(-40°C to +85°C) 


AT24C16-10SI-1.8 
14S 


Package 
Type 


8P3 
8 Lead. 0.300· Wide, Plastic DuallnLine 
Package (PDIP) 


851 
8 Lead, 0.150· Wide, Plastic Gull Wing Small Outline (JEDEC SOIC) 


145 
14 Lead. 0.150· Wide, Plastic Gull Wing Small Outline (SOIC) 


Options 


Blank 
Standard Operation 
(4.5 V to 6.0 V) 


-2.7 
Low Voltage (2.7 V to 6.0 V) 


-2.5 
Low Voltage (2.5 V to 6.0 V) 


-1.8 
Low Voltage (1.8 V to 6.0 V) 


Features 
• Low Voltage 
and Standard 
Voltage 
Operation 


5.0 (Vee = 4.5 V to 6.0 V) 
3.0 (Vee = 2.7 V to 6.0 V) 
2.5 (Vee = 2.5 V to 6.0 V) 
2.0 (Vee = 1.8 V to 6.0 V) 
• Internally 
Organized 
2048 x 8 (16K) 
• Two-wire 
Serial 
Interface 
• Bidirectional 
Data Transfer 
Protocol 


• 16-by1e Page Write Mode 
• Partial 
Page Writes 
Are Allowed 


• Self-timed 
Write Cycle (10 ms max) 


• High Reliability 
Endurance: 
100,000 Cycles 


Data Retention: 
100 Years 


• Eight-pin 
JEDEC 
SOIC and Eight-pin 
PDIP Packages 


Description 
The AT24Cl64 provides 16384 bits of serial EEPROM (Electrically Erasable an<t 
Programmable Read Only Memory) organized as 2048 words of 8 bits each. The 
device is optimized for use in many industrial and commercial applications where 
low power and low voltage operation are essential. The AT24Cl64 is available in 
space saving eight-pin POIP, and eight-pin SOlC packages and is accessed via a 
two-wire serial interface. Atrnel'sEEPROMs are designed and tested for applications 
requiring extended endurance. 
The AT24Cl64 
is guaranteed for 100,000 e~1 


write cycles and 100 year data retention. In addition, this device is ~vailable in 5.0 
V (4.5 V to 6.0 V), 3.0 V (2.7 V to 6.0 V), 2.5 V (2.5 V to 6.0 V) an(t 2.0'V (1.8 V 
to 6.0 V) versions. 


Pin Name 
Function 


Ao loA2 
Address Inputs 


SDA 
Serial Data 


SCL 
Serial Clock 


WC 
Write Control 


NC 
No Connect 


1.0 
8 
Vcc 


Al 
2 
7 
WC ~O'~ 
Al 
2 
7 
we 


A2 
3 
6 
SCL 
A2 
3 
6 
SCL 


GND 
4 
5 
SDA 
GND 
4 
5 
SDA 


8-pln 
PDIP 
8-pln 
SOIC 
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2-Wire 
Serial eM 
E2p 
s • 
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(8) 
VCC 
-- 
(4) GND- 
(7)WC 


(6) SCL 


(5) SDA 


START 
STOP 
LOGIC 


DEVICE 
ADDRESS 
COMPARATOR 


(3) A2 
(2) Al 
(1) Ao 


Pin Description 
SERIAL CLOCK (SCL): The SCL input is used to positive 
edge clock data into each E2pROM device and negative 
edge clock data out of each device. 


SERIAL DATA (SDA): The SDA pin is bidirectional for 
serial data transfer. This pin is open-drain driven and may 
be wire-ORed with any number of other open drain or open 
collector devices. 


DEVICE SELECT (A2, A I, AD): The A2, AI and ADpins 
are device address inputs that may be hardwired or actively 
driven to VOOor V55. These inputs allow the selection for 
one of eight possible devices sharing a common bus. The 


SERIAL 
CONTROL 
LOGIC 


DOUT/ACK 
LOGIC 


AT24CI64 can be made compatible with the AT24C16 by 
tying A2, A1 and AD to V55. 
Device addressing 
is 
discussed in detail in the device addressing section. 


WRITE CONTROL (We): The write control input, when 
tied low to V55, allows normal write operations. When WC 
is tied high to Vcc, all write operations to the memory are 
inhibited. 


Memory Organization 
The AT24C 164 is internally organized with eight blocks of 
256, eight-bit words. Random word addressing requires an 
eleven-bit data word address. 


Operating 
Temperature 
-55°C 
to + 125°C 


Storage 
Temperature 
-65°C 
to + 150°C 


Voltage 
on Any Pin 
with Respect 
to Ground 
-1.0 V to +7.0 V 


Maximum 
Operating 
Voltage 
6.6 V 


DC Output 
Current 
5.0 mA 


-NOTICE: 
Stressesbeyond those listed under" Absolute Maximum 


Ratings" may causepermanent damage to the device. This is astress 
rating only, and functional operation of the device at these or any 
other conditions beyond those indicated in the operational sections 
• 
of this specification is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 


DC Characteristics 
Applicable overrecommended 
operating range from: T AI = -40oe to +85°e, VCC= + 1.8 V to +6.0 V. T AC= ooe to +700e, V CC= + 1.8 
V to +6.0 V (unless otherwise noted) 


Symbol 
Parameter 
Test 
Condition 
Mln 
Typ 
Max 
Units 


VCC1(1) 
Supply 
Voltage 
1.8 
5.0 
6.0 
V 


VCC2 
Supply 
Voltage 
2.5 
5.0 
6.0 
V 


VCC3 
Supply 
Voltage 
2.7 
5.0 
6.0 
V 


VCC4 
Supply 
Voltage 
4.5 
5.0 
5.5 
V 


Icc 
Supply 
Current 
Vcc = 5.0 V 
READ 
at 100 KHz 
0.4 
1.0 
mA 


Icc 
Supply 
Current 
Vcc = 5.0 V 
WRITE 
at 100 KHz 
2.0 
3.0 
mA 


IsB1(1) 
Standby 
Current 
Vcc = 1.8 V 
VIN = Vcc 
or Vss 
0.6 
3.0 
ItA 


ISB2 
Standby 
Current 
Vcc = 2.5 V 
VIN = Vcc 
or Vss 
1.4 
4.0 
ItA 


ISB3 
Standby 
Current 
Vcc = 2.7 V 
VIN = Vcc 
or Vss 
1.6 
4.0 
ItA 


ISB4 
Standby 
Current 
Vcc = 5.0 V 
VIN = Vcc 
or Vss 
8.0 
18.0 
ItA 


III 
Input Leakage 
Current 
VIN = Vcc orVss 
0.10 
3.0 
ItA 


ILO 
Output 
Leakage 
Current 
Your 
= Vcc orVss 
0.05 
3.0 
ItA 


VIL 
Input Low Level(2) 
-1.0 
Vcc 
x 0.3 
V 


VIH 
Input High Level(2) 
Vccx 
0.7 
Vcc+0.5 
V 


VOL2 
Output 
Low Level Vcc = 3.0 V 
IOL = 2.1 mA 
0.40 
V 


VOL1 
Output 
Low Level V cc = 1.8 V 
IOL = 1.5 mA 
0.50 
V 


i" 
.s 
2.0I 


~ 
1.0 
~ 


Notes: 
I. This parameteris preliminary and Atmel may changethe specificationsupon further characterization. 
2. VIT.min and Vill max arereferenceonly and arenot tested. 
3. These graphs arefor referenceonly and arenot guaranteedby test. 
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Applicable over recommended operating range from TA= -40°C to +85°C. Vcc = +1.8 V to +6.0 V CL = 1TTL Gate and 
100 pF (unless otherwise noted) 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 


fsel 
Clock Frequency. SCL 
0 
100 
kHz 


tLOw 
Clock Pulse Width Low 
4.7 
IJS 


tHIGH 
Clock Pulse Width High 
4.0 
IJS 


tl 
Noise Suppression 
Time(2) 
60 
100 
ns 


tAA 
Clock Low to Data Out Valid 
0.1 
3.5 
IJS 


tauF 
Time the bus must be free 
before a new transmission 
4.7 
IJS 


can start 


tHO.STA 
Start Hold Time 
4.0 
IJS 


tSU.STA 
Start Set-up Time 
4.7 
IJS 


tHO.OAT 
Data In Hold Time 
0.0 
~s 


tSU.OAT 
Data In Set-up Time 
50 
ns 


tR 
Inputs Rise Time(2) 
1.0 
IJS 


tF 
Inputs Fall Time(2) 
300 
ns 


tSU.STO 
Stop Set-up Time 
4.7 
IJS 


tOH 
Data Out Hold Time 
. 
100 
180 
ns 


tWR 
Write Cycle Time 
5 
10 
ms 


Pin Capacitance(2) 
Applicable over recommended operating range from TA = 25°C. f= 1.0 MHz, Vcc = +1.8 V 


Symbol 
Test Condition 
Max 
Units 
Conditions 


Cvo 
Input/Output 
Capacitance 
(SDA) 
8 
pF 
Vvo=O 
V 


CIN 
Input Capacitance 
(Ao. A,. A2. SCL) 
6 
pF 
VIN = 0 V 


Device Operation 
CLOCK and DATA TRANSITIONS: 
The SCL and SDA 
bus lines are normally pulled high with a resistor as shown 
in Figure 7. Data on the SDA bus may change only during 
SCL low time periods (refer to Data Validity Timing 
diagram). 
Data changes during SCL high periods will 
indicate a start or stop condition as defined below. 


START CONDITION: 
A high-to-low transition of SDA 


with SCL high is a start condition which must precede any 
other command (refer to Start and Stop Definition Timing 
diagram). 


STOP CONDmON: 
A low-to-high transition of SDA 
with SCL high is a stop condition which terminates all 
communications. After a read sequence. the stop command 


will place the E2pROM in a standby power mode (refer to 
Start and Stop Definition Timing Diagram). 


ACKNOWLEDGE: 
All addresses and data words are 


serially transmitted to and from the E2pROM in eight-bit 
words. Any device on the system bus receiving data (when 
communicating with the E'PROM) must pull the SDA bus 
low to acknowledge that it has successfully received each 
word. This must happen during the ninth clock cycle after 
each word received and after all other system devices have 
freed 
the 
SDA 
bus. 
The 
E2pROM 
will 
likewise 


acknowledge by pulling SDA low after receiving each 
address or data word (refer to Acknowledge Response from 
Receiver Timing diagram). 
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Device Addressing 
The AT24CI64 requires an eight-bit device address word 
following a start condition to enable the chip for read or 
write operations (refer to Figure I). The most significant bit 
must be a one followed by the A2, AI and AD device select 
bits (the Al bit must be the compliment of the Al input pin 
signal). 
The next three bits are used for memory block 


addressing and select one of the eight 256 x 8 memory 
blocks. 
These bits should be considered the three most 
significant bits of the data word address. The eighth bit of 
the device address is the read/write select bit. 
A read 


operation is selected if this bit is high or a write operation 
is selected if this bit is low. 


Upon a compare of the device address, the E2PROM will 
output an acknowledge on the SDA bus. If a compare is not 
made. the chip will return to a standby state. 


Write Operations 
BYTE WRITE: A write operation requires an eight-bit data 
word address 
following 
the device address word and 
acknowledgement. 
Upon receipt of this address. the 
E2PROM will again respond with an acknowledge on SDA 
and then clock in the first eight-bit data word. Following 
receipt of the eight-bit 
data word. the E2PROM will 


acknowledge SDA and the data transmitting device must 
terminate the write sequence with a stop condition. At this 
time the E2PROM enters an internally-timed write cycle to 
the nonvolatile memory. All inputs are disabled during this 
write 
cycle 
and the E2PROM will not respond 
for 
communication until the write is complete (referto Figure 
2). 


PAGE WRITE: 
The AT24CI64 is capable of a sixteen- 
byte page write. A page write is initiated the same as a byte 
write. but the data transmitting device does not send a stop 
condition after the first data word is clocked in. Instead, 
after the E2PROM acknowledges receipt of the first data 
word. the data transmitting device can transmit up to fifteen 
more data words. 
The E2PROM will respond with an 
acknowledge on SDA after each data word received. The 
transmitting device must terminate the page write sequence 
with a stop condition (refer to Figure 3). 


The data word address lower four bits are internally 
incremented following the receipt of each data word. The 
higher data word address bits are not incremented retaining 
2 


the memory page row location. If more than sixteen data 
words are transmitted 
to the E2pROM. the data word 


address will "roll over" and previous data will be overwritten. 


ACKNOWLEOOE POLLING: Once the internally-timed 
write cycle has started and the E2pROM inputs are disabled, 
acknowledge polling can be initiated. This involves sending 
a start condition followed by the device address word. The 
read/write bit is representative of the operation desired. 
Only if the internal write cycle has completed will the 
E2PROM respond with an acknowledge on the SDA bus 
allowing the read or write sequence to continue. 


Read Operations 
Read operations are initiated the same way as write operations 
with the exception that the read/write select bit in the device 
address word is set to one. There are three read operations: 
current address read. random address read and sequential 
read. 


CURRENT ADDRESS READ: 
The internal data word 
address counter maintains the last address accessed during 
the last read or write operation, incremented by one. This 
address stays valid between operations as long as the chip 
power is maintained. 
If the last operation was a read at 
address n, then the current address would be n+ 1. If the final 
operation was a write at address n, the current address 
would again be n+ 1with one exception. If address n was the 
sixteenth byte address in the memory row. the incremented 
address n+ I would "roll over" to the 1st byte address of the 
same row. 


Once the device address with the read/write select bit set to 
one is clocked in and acknowledged by the E2PROM, the 
current address data word is serially clocked out. 
The 


device that is reading the data does not respond with an 
acknowledge (leaving the SDA bus high) but does generate 
a following stop condition (refer to Figure 4) 
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.l'CU ".u'-'.1Y.l ~.n..LI. 
.n. i(lUUUlli 
it;ctU 
1C:;4wH::~ 
iI 
UWIlUIY 
byte write sequence to load in the data word address. Once 
the device address word and data word address are clocked 
in and acknowledged 
by the E2pROM. the transmitting 
device 
must 
generate 
another 
start 
condition. 
The 


transmitting device now initiates a current address read by 
sending a device address with the read/write select bit high. 
The E2PROM acknowledges the device address and serially 
clocks out the data word. The device reading the data does 
not respond with an acknowledge (leaving the SDA bus 
high) but does generate a following stop condition (refer to 
Figure 5). 


,;)J:.\,lUJ:.N Ilf\L 
Kl:.AU: ~equenua1 reads are lrutiated by 


either acurrent address read or a random address read. After 
the device reading the data receives a data word. it responds 
with an acknowledge. As long as the E2PROM receives an 
acknowledge. it will continue to increment the data word 
address and serially clock out sequential data words. When 
the memory address limit is reached. the data word address 
will "roll over" and the sequential read will continue. The 
sequential read operation is terminated when the device 
reading the data does not respond with an acknowledge 
(leaving the SDA bus high) but does generate a following 
stop condition (refer to Figure 6). 
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Figure 5. Random Read 
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tWR 
Icc(max) 
IS8 (max) 
'MAX 
Ordering 
Code 
Package 
Operation 
Range 


(ms) 
(l!A) 
(l!A) 
(kHz) 


10 
3000 
18 
100 
AT24C164-10PC 
8P3 
Commercial 


AT24C 164-1 OSC 
8S1 
(O°C to +70°C) 


AT24C164-10PI 
8P3 
Industrial 


AT24C164-10SI 
8S1 
(-40°C to +85°C) 


10 
1500 
4 
100 
AT24C 164-1 OPC-2.7 
8P3 
Commercial 


AT24C164-10SC-2.7 
8S1 
(O°C to +70°C) 


AT24C164-10PI-2.7 
8P3 
Industrial 


AT24C164-10SI-2.7 
8S1 
(-40°C to +85°C) 


10 
1000 
4 
100 
AT24C 164-1 OPC-2.5 
8P3 
Commercial 


AT24C 164-1 OSC-2.5 
8S1 
(O°C to +70°C) 


AT24C164-10PI-2.5 
8P3 
Industrial 


AT24C164-10SI-2.5 
8S1 
(-40°C to +85°C) 


10 
800 
4 
100 
AT24C164-10PC-1.8 
8P3 
Commercial 


AT24C 164-1 OSC-1.8 
8S1 
(O°C to +70°C) 


AT24C164-10PI-1.8 
8P3 
Industrial 


AT24C164-10SI-1.8 
8S1 
(-40°C to +85°C) 


Package 
Type 


8P3 
8 Lead, 0.300" Wide, Plastic Dual InLine Package (PDIP) 


851 
8 Lead, 0.150" Wide, Plastic Gull Wing Small Outline (JEDEC SOle) 


Options 


Blank 
Standard Operation (4.5 V to 6.0 V) 


-2.7 
Low Voltage (2.7 V to 6.0 V) 


-2.5 
Low Voltage (2.5 V to 6.0 V) 


-1.8 
Low Voltage (1.8 V to 6.0 V) 


Features 


• 
Low Voltage 
and Standard 
Voltage 
Operation 
5.0 V (Vcc = 4.5 V to 5.5 V) 
3.0 V (Vcc = 2.7 V to 5.5 V) 
2.5 V (Vcc = 2.5 V to 5.5 V) 
2.0 V (Vcc = 1.8 V to 5.5 V) 
• 
User Selectable 
Internal 
Organization 
lK: 
128x80r64x16 
2K: 
256 x 8 or 128 x 16 
4K: 
512 x 8 or 256 x 16 
• 
Three-Wire 
Serial Interface 
• 
Self-Timed 
Write Cycle (10 ms Max) 
• 
High Reliability 
Endurance: 
100,000 Cycles 
Data Retention: 
100 Years 
• 
Eight-Pin 
PDIP, JEDEC SOIC, and EIAJ SOIC Packages 


Description 


The AT93C46/56/57 /66 provides 
1024/2048/4096 
bits of serial E2PROM (Electrically Eras- 
able Programmable 
Read Only Memory) 
organized as 64/128/256 
words of 16 bits each, 
when the ORG Pin is connected to Vcc and 128/256/512 words of eight bits each when it is 
tied to ground. The device is optimized for use in many industrial and commercial applications 
where low power and low voltage operation are essential. The AT93C46/56/57 /66 is available 
in space saving eight-pin PDIP and eight-pin JEDEC and EIAJ SOIC packages. 


The AT93C46/56/57/66 
is enabled through the Chip Select pin (CS), and accessed via a three- 
wire serial interface consisting of Data Input (DI), Data Output (00), and Shift Clock (SK). 
Upon receiving a READ instruction at DI, the address is decoded and the data is clocked out 
serially on the data output pin 00. The WRITE cycle is completely self-timed and no separate 
ERASE cycle is required before WRITE. The WRITE cycle is only enabled when the part is 
in the ERASE/WRlTE 
ENABLE state. When CS is brought "high" following the initiation of 
a WRITE cycle, the 00 pin outputs the READY /BUSY status of the part. 


Atmel's 
E2PROMs 
are designed and tested for applications 
requiring extended endurance. 
Devices in this family are guaranteed 
for 100,000 ERASE/WRITE 
cycles and l00-year data 
retention. The AT93C46/56/57/66 
is available in 5.0 V ± 10%,2.7 V to 5.5 V, 2.5 V to 5.5 V, 
and 1.8 V to 5.5 V versions. 
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Pin Name 
Function 


CS 
Chip 
Select 


SK 
Serial 
Data 
Clock 


DI 
Serial 
Data 
Input 


DO 
Serial 
Data 
Output 


GND 
Ground 


Vcc 
Power 
Supply 


ORG 
Internal 
Organization 


DC 
Don't 
Connect 
~o~~~: 


DO~GNO 


S-Pin SOIC 


Rotated 
(R) 
(1 K JEDEC 
Only) 
oc[)s 
ORG 
VCC 
2 
7 
GNO 
CS 
3 
6 
DO 
SK 
4 
5 
01 


S-PinSOIC 
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3-Wire 
Serial CMOS 
E2pROMs 


1K (1 28 x 8 or 64 x 16) 


2K (256 x 8 or 128 x 16) 


4K (512 x 8 or 256 x 16) 
• 


Operating Temperature 
-550C to +125°C 


Storage Temperature 
-650C to +150oC 


Voltage on Any Pin 
with Respect to Ground 
-1.0 V to +7.0 V 


Maximum Operating Voltage 
6.25 V 


DC Output Current... 
5.0 mA 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 


mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Note: 
I. When the ORO pin is connected to Vcc, the x 16 organization is selected When it is connected to ground, the x 8 organization is se- 
lected. 
If the ORO pin is left unconnected, then an internal pullup device will select the x 16 organization. 


Pin Capacitance 
(t) 


Applicable over recommended 
operating 
range Irom TA = 25"C, I = 1.0 MHz, Vcc = +5.0 V (unless otherwise 
noted) 


Test Condnlons 
Max 
Units 
Conditions 


COUT 
I Output Capacitance 
(DO) 
5 
pF 
VOUT = 0 V 


CIN 
I Input Capacitance 
(CS, SK, 01) 
5 
pF 
VIN = 0 V 


D.C. Characteristics 


Applicable over recommended 
operating 
range from: TAl = -40·C to +85·C, VCC = +1.8 V to +5.5 V, 
TAC = O·C to + 70·C, VCC = +1.8 V to +5.5 V (unless otherwise noted) 


Symbol 
Parameter 
Test Condition 
Mln 
Typ 
Max 
Units 


VCC1 (1) 
Supply Voltage 
1.8 
5.0 
5.5 
V 


VCC2 
Supply Voltage 
2.5 
5.0 
5.5 
V 


VCC3 
Supply Voltage 
2.7 
5.0 
5.5 
V 


VCC4 
Supply Voltage 
4.5 
5.0 
5.5 
V 


Icc 
Supply Current 
Vcc = 5.0V 
READ at 1.0 MHz 
0.2 
0.5 
mA 


WRITE at 1.0 MHz 
0.4 
1.0 
mA 


IS81 (1) 
Standby Current 
Vcc=1.8V 
CS = 0 V 
0.0 
0.1 
J.1A 


IS82 
Standby Current 
Vcc = 2.5 V 
CS = 0 V 
5.0 
7.0 
J.1A 


IS83 
Standby Current 
Vcc = 2.7V 
CS = 0 V 
6.0 
10.0 
J.1A 


IS84 
Standby Current 
Vcc = 5.0 V 
CS = 0 V 
21.0 
30.0 
J.1A 


IlL 
Input Leakage 
VIN = 0 V to Vcc 
0.1 
1.0 
J.1A 


IOL 
Output Leakage 
VIN = 0 V to Vcc 
0.1 
1.0 
J.1A 


VIL1 (2) 
Input Low Voltage 
4.5 V ::;Vcc 
::;5.5 V 
-0.1 
0.8 
V 
VIH1 (2) 
Input High Voltage 
2.0 
Vcc+1 
VIL2 (2) 
Input Low Voltage 
1.8 V ::;Vcc 
::;5.5 V 
0.0 
0.4 
V 
VIH2 (2) 
Input High Voltage 
1.4 
Vcc+1 


VOL1 
Output Low Voltage 
4.5 V ::;Vcc 
::;5.5 V 
0.4 
V 
VOH1 
Output High Voltage 
2.4 


VOL2 
Output Low Voltage 
1.8 V ::;Vcc 
::;5.5 V 
0.2 
V 
VOH2 
Output High Voltage 
Vcc-0.2 


Typical Standby Power V5. Voltage(3) 


T = 2S'C 
Typical Active Power V5. Voltage(3) 


T = 2S'C 


1.0 


0.5 


m 
W 
0.0 


0 


Notes: 
1. This parameter is preliminary and Atmel may change 
the specifications upon further characterization. 
2. VILmin and Yrn max are reference only and are not 
tested. 


3. These graphs are for reference only and are not guarenteed 


by test. 
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A.C. Characteristics 


Applicable over recommended 
operating 
range from TA ; -40·C to + 85·C, Vcc ; As Specified, 
CL ; 1 TTL Gate and 100 pF (unless otherwise noted) 


Symbol 
Parameter 
Test Condition 
Min 
Typ 
Max 
Units 


4.5 V ~ Vcc 
~ 5.5 V 
0 
1 


fSK 
SK Clock 
2.7 V ~ Vcc 
~ 5.5 V 
0 
1 
MHz 
Frequency 
2.5 V ~ Vcc 
~ 5.5 V 
0 
0.5 


1.8 V ~ Vcc 
~ 5.5 V 
0 
0.25 


4.5 V ~ Vcc 
~ 5.5 V 
250 


tSKH 
SK High Time 
2.7 V ~ Vcc 
~ 5.5 V 
250 
ns 
2.5 V ~ Vcc 
~ 5.5 V 
500 
1.8 V ~ Vcc 
~ 5.5 V 
1000 


4.5 V ~ Vcc 
~ 5.5 V 
250 


tSKL 
SK Low Time 
2.7 V ~ Vcc 
~ 5.5 V 
250 
ns 
2.5 V ~ Vcc 
~ 5.5 V 
500 
1.8 V ~ Vcc 
~ 5.5 V 
1000 


4.5 V ~ Vcc 
~ 5.5 V 
250 


tcs 
Minimum CS Low 
2.7 V ~ Vcc 
~ 5.5 V 
250 
ns 
Time 
2.5 V ~ Vcc 
~ 5.5 V 
500 
1.8V~Vcc 
~5.5V 
1000 


4.5V 
Vcc 
5.5V 
50 


tcss 
CS Setup Time 
Relative to SK 
2.7V 
Vcc 
5.5V 
50 
ns 
2.5V 
Vcc 
5.5V 
100 
1.8 V 
Vcc 
5.5V 
200 


4.5 V ~ Vcc 
~ 5.5 V 
100 


to IS 
01 Setup Time 
Relative to SK 
2.7V~Vcc 
~5.5V 
100 
ns 
2.5 V ~ Vcc 
~ 5.5 V 
200 
1.8 V ~ Vcc 
~ 5.5 V 
400 


tcsH 
CSHoldTime 
Relative to SK 
0 
ns 


4.5 V ~ Vcc 
~ 5.5 V 
100 


tolH 
01 Hold Time 
Relative to SK 
2.7V~Vcc 
~5.5V 
100 
ns 
2.5 V ~ Vcc 
~ 5.5 V 
200 
1.8 V ~ Vcc 
~ 5.5 V 
400 


4.5 V ~ Vcc 
~ 5.5 V 
250 


tPo1 
Output Delay to '1' 
AC Test 
2.7 V ~ Vcc 
~ 5.5 V 
250 
ns 
2.5 V ~ Vcc 
~ 5.5 V 
500 


1.8 V ~ Vcc 
~ 5.5 V 
1000 


4.5 V ~ Vcc 
~ 5.5 V 
250 


tpoQ 
Output Delay to '0' 
AC Test 
2.7 V ~ Vcc 
~ 5.5 V 
250 
ns 
2.5 V ~ Vcc 
~ 5.5 V 
500 


1.8 V ~ Vcc 
~ 5.5 V 
1000 


4.5 V ~ Vcc 
~ 5.5 V 
250 


tsv 
CS to Status Valid 
AC Test 
2.7V~Vcc 
~5.5V 
250 
ns 
2.5 V ~ Vcc 
~ 5.5 V 
500 


1.8 V ~ Vcc 
~ 5.5 V 
1000 


4.5 V ~ Vcc 
~ 5.5 V 
100 


toF 
CS to DO in High 
AC Test 
2.7V~Vcc 
~5.5V 
100 
ns 
Impedance 
CS; 
VIL 
2.5 V ~ Vcc 
~ 5.5 V 
200 


1.8 V ~ Vcc 
~ 5.5 V 
400 


twp 
Write Cycle Time 
10 
ms 


Endurance 
Number of Data Changes per Bit 
100,000 
Cycles 


Op 
Address 
Data 


Instruction 
5B 
Code 
x8 
x 16 
x8 
x 16 
Comments 


REAO 
1 
10 
A6-Ao 
As-Ao 
Reads data stored in memory, at 
specified address. 


EWEN 
1 
00 
11XXXXX 
11XXXX 
Write enable must precede all 
programming 
modes. 


ERASE 
1 
11 
A6-Ao 
As-Ao 
Erase memory location An - Ao. 


WRITE 
1 
01 
A6-Ao 
As-Ao 
07-Do 
01S-00 
Writes memory location An - Ao. 


ERAL 
1 
00 
10XXXXX 
10XXXX 
Erases all memory locations. Valid 
only at Vcc = 4.5 V to 5.5 V. 


WRAL 
1 
00 
01XXXXX 
01XXX X 
07-Do 
01S-00 
Writes all memory locations. Valid 
only at Vcc = 4.5 V to 5.5 V. 


EWOS 
1 
00 
OOXXXXX 
OOXXXX 
Oisables all programming 
instructions. 


Op 
Address 
Data 


Instruction 
5B 
Code 
x8 
x 16 
x8 
x 16 
Comments 


REAO 
1 
10 
A7-Ao 
A6-Ao 
Reads data stored in memory, at 
specified address. 


EWEN 
1 
00 
11XXXXXX 
11XXXXX 
Write enable must precede all 
programming 
modes. 


ERASE 
1 
11 
A7-Ao 
A6-Ao 
Erase memory location An - Ao. 


WRITE 
1 
01 
A7-Ao 
A6-Ao 
07-Do 
01S-00 
Writes memory location An - Ao. 


ERAL 
1 
00 
10XXXXXX 
10XXXXX 
Erases all memory locations. Valid 
only at Vcc = 4.5 V to 5.5 V. 


WRAL 
1 
00 
01XXXXXX 
01XXXXX 
07-Do 
01S-00 
Writes all memory locations. Valid 
only at Vcc = 4.5 V to 5.5 V. 


EWOS 
1 
00 
OOXXXXXX 
OOXXXXX 
Oisables all programming 
instructions. 


Op 
Address 
Data 


Instruction 
5B 
Code 
x8 
x16 
x8 
x 16 
Comments 


REAO 
1 
10 
As-Ao 
A7-Ao 
Reads data stored in memory, at 
specified address. 


EWEN 
1 
00 
11XXXXXXX 
11XXXXXX 
Write enable must precede all 
programming 
modes. 


ERASE 
1 
11 
As-Ao 
A7-AO 
Erases memory location An - Ao. 


WRITE 
1 
01 
As-Ao 
A7-Ao 
07-Do 
01S-00 
Writes memory location An - Ao. 


ERAL 
1 
00 
10XXXXXXX 
10XXXXXX 
Erases all memory locations. Valid 
only at Vcc - 4.5 V to 5.5 V. 


WRAL 
1 
00 
01XXXXXXX 
Writes all memory locations. Valid 


01XXXXXX 
07-00 
01S-00 
when Vcc = 5.0 V ± 10% and 
Oisable Register cleared. 


EWDS 
1 
00 
OOXXXXXXX 
OOXXXXXX 
Oisables all programming 
instructions. 


• 
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Functional Description 


The AT93C46/56/57/66 
is accessed via a simple and versatile 
three-wire serial communication 
interface. Device operation is 
controlled by seven instructions 
issued by the host processor. A 
valid instruction consists of a Start Bit (logic '1') followed by 
the appropriate 
Op Code and the desired 
memory 
Address 
location. 


READ (READ): 
The Read (READ) instruction contains the 
Address code for the memory location to be read. After the in- 
struction and address are decoded, data from the selected mem- 
ory location is available at the serial output pin DO. Output data 
changes are synchronized 
with the rising edges of serial clock 
SK. It should be noted that a dummy bit (logic '0') precedes the 
8- or 16-bit data output string. 


ERASE/WRITE 
(EWEN): 
To assure data integrity, the part 
automatically 
goes into the Erase/Write 
Disable (EWDS) state 
when power is frrst applied. An Erase/Write 
Enable (EWEN) 
instruction must be executed frrst before any programming 
in- 
structions 
can be carried 
out. Please 
note that once in the 
Erase/Write 
Enable state, programming 
remains enabled until 
an Erase/Write Disable (EWDS) instruction is executed or Vcc 
power is removed from the part. 


ERASE (ERASE): 
The Erase (ERASE) instruction programs 
all bits in the specified memory location to the logical 'I' state. 
The self-timed 
erase cycle starts once the ERASE instruction 
and address are decoded. 
The DO pin outputs the READY / 
BUSY status of the part if CS is brought high after being kept 
low for a minimum of 250 ns (tcs). A logic '1' at pin DO indi- 
cates that the selected memory location has been erased, and the 
part is ready for another instruction. 


Timing Diagrams 


Synchronous Data Timing 


VOH 
DO (READ) 
VOL 


WRITE (WRITE): 
The Write (WRITE) 
instruction 
contains 
the 8 or 16 bits of data to be written into the specified memory 
location. The self-timed programming 
cycle starts after the last 
bit of data is received at serial data input pin Dr. The DO pin 
outputs the READY/BUSY 
status of the part if CS is brought 
high after being kept low for a minimum of 250 ns (tes). A logic 
'0' at DO indicates that programming 
is still in progress. A logic 
'1' indicates that the memory location at the specified address 
has been written with the data pattern contained 
in the instruc- 


tion and the part is ready for further instructions. 


ERASE ALL (ERAL): 
The Erase All (ERAL) instruction pro- 


grams every bit in the memory array to the logic 'I' 
state and is 
primarily 
used for testing purposes. 
The DO pin outputs the 
READY/BUSY 
status of the part if CS is brought high after 
being kept low for a minimum of 250 ns (tcs). The ERAL in- 
struction is valid only at Vcc = 5.0 V ± 10%. 


WRITE 
ALL (WRAL): 
The Write All (WRAL) 
instruction 
programs all memory locations with the data patterns specified 
in the instruction. The DO pin outputs the READY/BUSY 
sta- 
tus of the part if CS is brought high after being kept low for a 
minimum of 250 ns (tcs). The WRAL instruction is valid only 
at Vcc = 5.0 V ± 10%. 


ERASE/WRITE 
DISABLE (EWDS): 
To protect against acci- 
dental data disturb, the Erase/Write Disable (EWDS) instruction 
disables all programming 
modes and should be executed after 
all programming 
operations. 
The operation 
of the READ in- 
struction is independent of both the EWEN and EWDS instruc- 
tions and can be executed at any time. 


Density 1K 
Denslty2K 
Density4K 


110 
x8 
x 16 
x8 
x 16 
x8 
x 16 


AN 
As 
As 
Aa 
A7 
Aa 
A7 


ON 
07 
015 
07 
015 
07 
015 


Timing Diagrams 
(Continued) 


READ Timing 


~ 


SK ~1JlnJ1fUlJ1JUUlJL 


Ol~~ 
-~#·-0BIS~- 


·tB-- 


Note: 
1.The AT93C56 and AT93C66 require • minimum of eleven clocks, the AT93C57 requires a minimum often clocks, and the 


AT93C46 requires. 
minimum of nine clock cycles. 


cs ~ 


Note: 
1. The AT93C56 and AT93C66 require • minimum of eleven clocks, the AT93C57 requires. 
minimum often clocks, and the 


AT93C46 requires a minimum of nine clock cycles. 
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Timing Diagrams 
(Continued) 


WRITE Timing 
CS-.I 
II 
~ 


SK ~tru1i1ruuulJlJL 


WRAL Timing 
(2) 


CS -.I 


Notes: 
1. The AT93C56 and AT93C66 require a minimum 


of eleven clocks, the AT93C57 requires a minimum of 
ten clocks, and the AT93C46 requires a minimum of 
nine clock cycles. 


tcs 
CS J'~-----~!f------II 


______________ 
AT93C46/56/57/66 


Timing Diagrams 
(Continued) 


• 
(I) 
TERAL Timmg 


SK 


CS -.! 


DI ~o/l/I!I//II///AI 
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twp 
lee (max) 
ISB(max) 
fMAX 
Ordering Code 
Package 
Operation 
Range 
(ms) 
(IJA) 
(IJA) 
(kHz) 


10 
1000 
30.0 
1000 
AT93C46-10PC 
8P3 
Commercial 
AT93C46-108C 
881 
(O°C to 70°C) 


AT93C46R-108C 
881 
AT93C46W-108C 
882 


10 
400 
10.0 
1000 
AT93C46-10PC-2.7 
8P3 
Commercial 


AT93C46-108C-2.7 
881 
(O°C to 70°C) 


AT93C46R-1 08C-2. 7 
881 
AT93C46W-1 08C-2. 7 
882 


10 
300 
7.0 
500 
AT93C46-10PC-2.5 
8P3 
Commercial 


AT93C46-10SC-2.5 
881 
(O°C to 70°C) 


AT93C46R-10SC-2.5 
881 
AT93C46W-108C-2.5 
882 


10 
40 
0.1 
250 
AT93C46-10PC-1.8 
8P3 
Commercial 
AT93C46-108C-1.8 
881 
(O°C to 70°C) 


AT93C46R-108C-1.8 
881 
AT93C46W-108C-1.8 
882 


10 
1000 
30.0 
1000 
AT93C46-10PI 
8P3 
Industrial 


AT93C46-1081 
881 
(-40°C to 85°C) 


AT93C46R-1081 
881 
AT93C46W-1081 
882 


10 
400 
10.0 
1000 
AT93C46-10PI-2.7 
8P3 
Industrial 


AT93C46-1081-2.7 
881 
(-40°C to 85°C) 


AT93C46R-1081-2.7 
881 
AT93C46W-1 081-2.7 
882 


10 
300 
7.0 
500 
AT93C46-10PI-2.5 
8P3 
Industrial 


AT93C46-1081-2.5 
881 
(-40°C to 85°C) 


AT93C46R-1081-2.5 
881 
AT93C46W-1081-2.5 
882 


10 
40 
0.1 
250 
AT93C46-10PI-1.8 
8P3 
Industrial 


AT93C46-1081-1.8 
8S1 
(-40°C to 85°C) 


AT93C46R-1081-1.8 
8S1 
AT93C46W-1081-1.8 
882 


10 
1000 
30.0 
1000 
AT93C46-10PM 
8P3 
Military 
(-55°C to 125°C) 


Package Type 


8P3 
8 Lead, 0.300" Wide, Plastic Duallnline 
Package (PDIP) 


851 
8 Lead, 0.150" Wide, Plastic Gull Wing Small Outline (JEDEC SOIC) 


852 
8 Lead, 0.200" Wide, Plastic Gull Wing Small Outline (EIAJ SOIC) 


Options 


Blank 
Standard Device (4.5 V to 5.5 V) 


-2.7 
Low Voltage (2.7 V to 5.5 V) 


-2.5 
Low Voltage (2.5 V to 5.5 V) 


-1.8 
Low Voltage (1.8 V to 5.5 V) 


R 
Rotated Pinout 
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twp 
Ice (max) 
IS8 (max) 
fMAX 
Ordering Code 
Package 
Operation Range 
(ms) 
(~) 
(~) 
(kHz) 


10 
1000 
30.0 
1000 
AT93C56-10PC 
8P3 
Commercial 


AT93C56-10SC 
8S1 
(O°C to 70°C) 


AT93C56W-10SC 
8S2 


10 
400 
10.0 
1000 
AT93C56-10PC-2.7 
8P3 
Commercial 


AT93C56-10SC-2.7 
8S1 
(O°C to 70°C) 


AT93C56W-1 OSC-2.7 
8S2 


10 
300 
7.0 
500 
AT93C56-10PC-2.5 
8P3 
Commercial 


AT93C56-10SC-2.5 
8S1 
(O°C to 70°C) 


AT93C56W-10SC-2.5 
8S2 


10 
40 
0.1 
250 
AT93C56-10PC-1.8 
8P3 
Commercial 


AT93C56-10SC-1.8 
8S1 
(O°C to 70°C) 


AT93C56W-10SC-1.8 
8S2 


10 
1000 
30.0 
1000 
AT93C56-10PI 
8P3 
Industrial 


AT93C56-10SI 
8S1 
(-40°C to 85°C) 


AT93C56W-10SI 
8S2 


10 
400 
10.0 
1000 
AT93C56-10PI-2.7 
8P3 
Industrial 


AT93C56-10SI-2.7 
8S1 
(-40°C to 85°C) 


AT93C56W-1 OSI-2.7 
8S2 


10 
300 
7.0 
500 
AT93C56-10PI-2.5 
8P3 
Industrial 


AT93C56-10SI-2.5 
8S1 
(-40°C to 85°C) 


AT93C56W-1 OSI-2.5 
8S2 


10 
40 
0.1 
250 
AT93C56-10PI-1.8 
8P3 
Industrial 


AT93C56-10SI-1.8 
8S1 
(-40°C to 85°C) 


AT93C56W-10SI-1.8 
8S2 


10 
1000 
30.0 
1000 
AT93C56-10PM 
8P3 
Military 
(-55°C to 125°C) 


Package 
Type 


8P3 
8 Lead, 0.300' Wide, Plastic Dual Inline Package (PDIP) 


851 
8 Lead, 0.150' Wide, Plastic Gull Wing Small Outline (JEDEC SOIC) 


852 
8 Lead, 0.200' Wide, Plastic Gull Wing Small Outline (EIAJ SOIC) 


Options 


Blank 
Standard Device (4.5 V to 5.5 V) 


-2.7 
Low Voltage (2.7 V to 5.5 V) 


-2.5 
Low Voltage (2.5 V to 5.5 V) 


-1.8 
Low Voltage (1.8 V to 5.5 V) 


twp 
Ice (max) 
Isa (max) 
fMAX 
Ordering Code 
Package 
Operation Range 
(ms) 
(lJA) 
(lJA) 
(kHz) 


10 
1000 
30.0 
1000 
AT93C57-10PC 
8P3 
Commercial 
AT93C57-10SC 
8S1 
(DOCto 70°C) 
AT93C57W-10SC 
8S2 


10 
400 
10.0 
1000 
AT93C57-10PC-2.7 
8P3 
Commercial 
AT93C57 -1OSC-2.7 
8S1 
(DOCto 70°C) 
AT93C57W-10SC-2.7 
8S2 


10 
300 
7.0 
500 
AT93C57-10PC-2.5 
8P3 
Commercial 
AT93C57-10SC-2.5 
881 
(DOCto 70°C) 
AT93C57W-108C-2.5 
882 


10 
40 
0.1 
250 
AT93C57-10PC-1.8 
8P3 
Commercial 
AT93C57-10SC-1.8 
881 
WCto 
70°C) 
AT93C57W-10SC-1.8 
8S2 


10 
1000 
30.0 
1000 
AT93C57-10PI 
8P3 
Industrial 
AT93C57-1081 
881 
(-40°C to 85°C) 
AT93C57W-1 OSI 
8S2 


10 
400 
10.0 
1000 
AT93C57-10PI-2.7 
8P3 
Industrial 
AT93C57-10SI-2.7 
8S1 
(-40°C to 85°C) 
AT93C57W-1 OSI-2.7 
8S2 


10 
300 
7.0 
500 
AT93C57-10PI-2.5 
8P3 
Industrial 
AT93C57-10SI-2.5 
8S1 
(-40°C to 85°C) 
AT93C57W-10SI-2.5 
882 


10 
40 
0.1 
250 
AT93C57-10PI-1.8 
8P3 
Industrial 
AT93C57-10SI-1.8 
881 
(-40°C to 85°C) 
AT93C57W-10SI-1.8 
8S2 


10 
1000 
30.0 
1000 
AT93C57-10PM 
8P3 
Military 
(-55°C to 125°C) 


Package 
Type 


8P3 
8 Lead, 0.300" Wide, Plastic Dual Inline Package (PDIP) 


851 
8 Lead, 0.150" Wide, Plastic Gull Wing Small Outline (JEDEC SOIC) 


852 
8 Lead, 0.200" Wide, Plastic Gull Wing Small Outline (EIAJ SOIC) 


Options 


Blank 
Standard Device (4.5 V to 5.5 V) 


-2.7 
Low Voltage (2.7 V to 5.5 V) 


-2.5 
Low Voltage (2.5 V to 5.5 V) 


-1.8 
Low Voltage (1.8 V to 5.5 V) 


• 


twp 
lee (max) 
IS8 (max) 
fMAX 
Ordering Code 
Package 
Operation Range 
(ms) 
(IJA) 
(IJA) 
(kHz) 


10 
1000 
30.0 
1000 
AT93C66-10PC 
8P3 
Commercial 


AT93C66-108C 
881 
(O°C to 70°C) 


AT93C66W-108C 
882 


10 
400 
10.0 
1000 
AT93C66-1 OPC-2.7 
8P3 
Commercial 


AT93C66-1 08C-2. 7 
881 
(O°C to 70°C) 


AT93C66W-1 08C-2. 7 
882 


10 
300 
7.0 
500 
AT93C66-10PC-2.5 
8P3 
Commercial 


AT93C66-108C-2.5 
881 
(O°C to 70°C) 


AT93C66W-108C-2.5 
882 


10 
40 
0.1 
250 
AT93C66-10PC-1.8 
8P3 
Commercial 


AT93C66-108C-1.8 
881 
(O°C to 70°C) 


AT93C66W-108C-1.8 
882 


10 
1000 
30.0 
1000 
AT93C66-10PI 
8P3 
Industrial 


AT93C66-1081 
881 
(-40°C to 85°C) 


AT93C66W-1081 
882 


10 
400 
10.0 
1000 
AT93C66-10PI-2.7 
8P3 
Industrial 


AT93C66-1081-2.7 
881 
(-40°C to 85°C) 


AT93C66W-1081-2.7 
882 


10 
300 
7.0 
500 
AT93C66-10PI-2.5 
8P3 
Industrial 


AT93C66-1081-2.5 
881 
(-40°C to 85°C) 


AT93C66W-1081-2.5 
882 


10 
40 
0.1 
250 
AT93C66-10PI-1.8 
8P3 
Industrial 


AT93C66-1081-1.8 
881 
(-40°C to 85°C) 


AT93C66W-1081-1.8 
882 


10 
1000 
30.0 
1000 
AT93C66-10PM 
8P3 
Military 
(-55°C to 125°C) 


Package Type 


8P3 
8 Lead, 0.300" Wide, Plastic Duallnline 
Package (PDIP) 


851 
8 Lead, 0.150" Wide, Plastic Gull Wing Small Outline (JEDEC SOIC) 


852 
8 Lead, 0.200" Wide, Plastic Gull Wing Small Outline (EIAJ SOIC) 


Options 


Blank 
Standard Device (4.5 V to 5.5 V) 


-2.7 
Low Voltage (2.7 V to 5.5 V) 


-2.5 
Low Voltage (2.5 V to 5.5 V) 


-1.8 
Low Voltage (1.8 V to 5.5 V) 


CS[] 


VCC__ 


CLK 
2 
7 
RDY/BUSY 
DI 
3 
6 
ORG 
DO 
4 
5 
GND 


S-Pin 
PDIP 


,,(] 
VCC 


ClK 
2 
7 
RDY/BUSY 
DI 
3 
6 
ORG 
DO 
4 
5 
GND 


S-Pin SOIC 


AlmEL 
2·51 


• 
Low Voltage 
and Standard 
Voltage 
Operation 
5.0 V (Vcc = 4.5 V to 5.5 V) 
3.0 V (Vcc = 2.7 V to 5.5 V) 
2.5 V (Vcc = 2.5 V to 5.5 V) 
2.0 V (Vcc = 1.8 V to 5.5 V) 
• 
User Selectable 
Internal 
Organization 
lK: 
128x80r64x16 
2K: 
256 x 8 or 128 x 16 
4K: 
512x80r256x16 
• 
Four-Wire 
Serial Interface 
• 
Self·Tlmed 
Write Cycle (10 ms Max) 
• 
High Reliability 
Endurance: 
100,000 Cycles 
Data Retention: 
100 Years 
• 
Eight-Pin 
PDIP and EIAJ SOIC Packages 


Description 


The AT59C11(22/13 
provides 1024/2048/4096 
bits of serial E2PROM (Electrically Erasable 
Programmable 
Read Only Memory) organized as 64/1213(256 words of 16 bits each, when the 


ORG Pin is connected 
to Vcc and 128/256/512 
words of eight bits each when it is tied to 


ground. The device is optimized for use in many industrial and commercial applications where 
low power and low voltage operation are essential. The AT59C11(22/13 
is available in space 
saving eight-pin P01P and eight-pin EIAJ SOIC packages. 


The AT59C11/22/13 
is enabled through the Chip Select pin (CS), and accessed via a four-wire 
serial interface consisting 
of Data Input (01), Data Output (DO), and Clock (CLK). Upon 


receiving a READ instruction at 01, the address is decoded and the data is clocked out serially 
on the data output pin DO, the WRITE cycle is completely self-timed and no separate ERASE 
cycle is required before WRITE. The WRITE cycle is only enabled when the part is in the 
ERASE/WRITE 
ENABLE state. Ready/Busy 
status can be monitered upon completion of a 
programming 
operation by polling the Ready/Busy 
pin. 


Atmel's 
E2PROMs are designed and tested for applications 
requiring extended endurance. 
Devices in this family are guaranteed for 100,000 ERASE/WRITE 
cycles and 100-year data 
retention. The AT59C11/22/13 
is available in 5.0 V ± 10%,2.7 V to 5.5 V, 2.5 V to 5.5 V, and 
1.8 V to 5.5 V versions. 


Pin Name 
Function 


CS 
Chip 
Select 


CLK 
Serial 
Data 
Clock 


DI 
Serial 
Data 
Input 


DO 
Serial 
Data Output 


GND 
Ground 


Vcc 
Power 
Supply 


ORG 
Internal 
Organization 


RDY/BUSY 
Status 
Output 


4-Wire 
Serial CMOS 
E2pROMs 


1K (128 x 8 or 64 x 16) 


2K (256 x 8 or 128 x 16) 


4K (512 x 8 or 256 x 16) 
• 
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Absolute Maximum Ratings* 


Operating Temperature 
-55°C to +125°C 


Storage Temperature 
-65°C to +150°C 


Voltage on Any Pin 
with Respect to Ground 
-1.0 V to +7.0 V 


Maximum Operating Voltage 
6.25 V 


DC Output Current 
.5.0 mA 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 


mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Note: 
1. When the ORG pin is connected to Vcc, the x 16 organization is selected. When it is connected to ground, the x 8 organization is se- 


lected. If the ORG pin is left unconnected, then an internal pullup device will select the x 16 organization. 


Pin Capacitance 
(I) 


Applicable 
over recommended 
operating 
range from TA = 25"C, f = 1.0 MHz, Vcc = +5.0 V (unless otherwise 
noted) 


Test Conditions 
Max 
Units 
Conditions 


COUT 
I Output Capacitance 
(DO) 
5 
pF 
VOUT=OV 


CIN 
I Input Capacitance 
(CS, CLK, 01, ROY/BUSY) 
5 
pF 
VIN = 0 V 


D.C. Characteristics 


Applicable over recommended 
operating range from: TAl = -40·C to +85·C, Vcc = +1.8 V to +5.5 V. 
TAC = O·C to + 70·C, Vcc = +1.8 Vto +5.5 V (unless otherwise noted) 


Symbol 
Parameter 
Test Condition 
Mln 
Typ 
Max 
Units 


VCCl (1) 
Supply Voltage 
1.8 
5.0 
5.5 
V 


VCC2 
Supply Voltage 
2.5 
5.0 
5.5 
V 


VCC3 
Supply Voltage 
2.7 
5.0 
5.5 
V 


VCC4 
Supply Voltage 
4.5 
5.0 
5.5 
V 


Icc 
Supply Current 
Vcc= 
5.0V 
READ at 1.0 MHz 
0.2 
0.5 
mA 


WRITE at 1.0 MHz 
0.4 
1.0 
mA 


18B1(1) 
Standby Current 
Vcc = 1.8 V 
CS = 0 V 
0.0 
0.1 
!!A 


18B2 
Standby Current 
Vcc = 2.5 V 
CS = 0 V 
5.0 
7.0 
!!A 


18B3 
Standby Current 
Vcc = 2.7V 
CS = 0 V 
6.0 
10.0 
!!A 


18B4 
Standby Current 
Vcc = 5.0 V 
CS=OV 
21.0 
30.0 
!!A 


ilL 
Input Leakage 
VIN = 0 V to Vcc 
0.1 
1.0 
!!A 


IOL 
Output Leakage 
VIN = 0 V to Vcc 
0.1 
1.0 
!!A 


VIL1 (2) 
Input Low Voltage 
4.5 V ~ Vcc 
~ 5.5 V 
-0.1 
0.8 
V 
VIHl (2) 
Input High Voltage 
2.0 
Vcc+1 
VIL2 (2) 
Input Low Voltage 
1.8 V ~ Vcc 
~ 5.5 V 
0.0 
0.4 
V 
VIH2 (2) 
Input High Voltage 
1.4 
Vcc+1 


VOL1 
Output Low Voltage 
4.5 V ~ Vcc 
~ 5.5 V 
0.4 
V 
VOHl 
Output High Voltage 
2.4 


VOL2 
Output Low Voltage 
1.8 V ~ Vcc 
~ 5.5 V 
0.2 
V 
VOH2 
Output High Voltage 
Vcc-0.2 


Typical Standby Power vs. Voltage(3) 


T = 2S·C 


Typical Active Power vs. Voltage (3) 


T =2S·C 


3 


Voltage 
(V) 


Notes: 
I. This parameter is preliminary and Atmel may change 


the specifications 
upon further characterization. 
2. VlL min and VIH max are reference only and are not 
tested. 


3. These graphs are for reference only and are not guarenteed 


by test. 
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A.C. Characteristics 


Applicable 
over recommended 
operating range from TA ; -40'C to + 85'C, Vcc ; As Specified. 


Cl ; 1 TTl 
Gate and 100 pF (unless otherwise noted) 


Symbol 
Parameter 
Test Condition 
Min 
Typ 
Max 
Units 


4.5 V $ Vcc 
$ 5.5 V 
0 
1 


fCLK 
ClK 
Clock 
2.7V$Vee 
$5.5V 
0 
1 
MHz 
Frequency 
2.5 V $ Vee $ 5.5 V 
0 
0.5 


1.8 V $ Vec 
$ 5.5 V 
0 
0.25 


4.5 V $ Vee 
$ 5.5 V 
250 


teKH 
ClK 
High Time 
2.7 V $ Vec 
$ 5.5 V 
250 
ns 
2.5 V $ Vcc 
$ 5.5 V 
500 
1.8V$Vee 
$5.5V 
1000 


4.5 V $ Vec 
$ 5.5 V 
250 


tCKL 
ClK 
low Time 
2.7 V $ Vec 
$ 5.5 V 
250 
ns 
2.5 V $ Vec 
$ 5.5 V 
500 
1.8 V $ Vcc 
$ 5.5 V 
1000 


4.5 V $ Vce 
$ 5.5 V 
250 


tcs 
Minimum CS low 
2.7V$Vee 
$5.5V 
250 
ns 
Time 
2.5 V $ Vee 
$ 5.5 V 
500 
1.8 V $ Vee 
$ 5.5 V 
1000 


4.5V 
Vcc 
5.5V 
50 


tess 
CS Setup Time 
Relative to SK 
2.7V 
Vcc 
5.5V 
50 
ns 
2.5V 
Vcc 
5.5V 
100 
1.8 V 
Vcc 
5.5 V 
200 


4.5 V $ Vcc 
$ 5.5 V 
100 


to IS 
DI Setup Time 
Relative to SK 
2.7 V $ Vcc 
$ 5.5 V 
100 
ns 
2.5 V $ Vcc 
$ 5.5 V 
200 
1.8 V $ Vcc 
$ 5.5 V 
400 


tesH 
CS Hold Time 
Relative to SK 
0 
ns 


4.5 V $ Vce 
$ 5.5 V 
100 


tolH 
DI Hold Time 
Relative to SK 
2.7 V $ Vcc 
$ 5.5 V 
100 
ns 
2.5 V $ Vcc 
$ 5.5 V 
200 
1.8 V $ Vcc 
$ 5.5 V 
400 


4.5 V $ Vec 
$ 5.5 V 
250 


tPo1 
Output Delay to '1' 
AC Test 
2.7 V $ Vec 
$ 5.5 V 
250 
ns 
2.5 V $ Vcc 
$ 5.5 V 
500 


1.8 V $ Vec 
$ 5.5 V 
1000 


4.5 V $ Vec 
$ 5.5 V 
250 


tpoo 
Output Delay to '0' 
AC Test 
2.7V$Vcc 
:;;5.5 V 
250 
ns 
2.5 V :;;Vcc 
$ 5.5 V 
500 


1.8 V :;;Vcc 
:;;5.5 V 
1000 


4.5 V :;;Vee 
:;;5.5 V 
250 


tRso 
CS to Status Valid 
AC Test 
2.7 V:;; Vec 
:;;5.5 V 
250 
ns 
2.5 V :;;Vcc 
:;;5.5 V 
500 


1.8 V :;;Vcc 
:;;5.5 V 
1000 


4.5 V :;;Vce 
:;;5.5 V 
100 


tcz 
CS to DO in High 
AC Test 
2.7V$Vec 
$5.5V 
100 


Impedance 
CS; 
VIL 
2.5 V :;;Vee 
:;;5.5 V 
200 
ns 


1.8 V :;;Vec 
:;;5.5 V 
400 


twe 
Write Cycle Time 
10 
ms 


Endurance 
Number of Data Changes per Bit 
100,000 
Cycles 


Op 
Address 
Data 


Instruction 
S8 
Code 
x8 
x 16 
x8 
x 16 
Comments 


READ 
1 
10XX 
As-Ao 
As-AD 
Reads data stored in memory, at 
specified address. 


EWEN 
1 
0011 
XXXXXXX 
XXXXXX 
Write enable must precede all 
programming 
modes. 


WRITE 
1 
X1XX 
As-Ao 
As-Ao 
D7-Oo 
D1S-Do 
Writes memory location An - AD. 


ERAL 
1 
0010 
XXXXXXX 
XXXXXX 
Erases all memory locations. 
Valid only at Vcc - 4.5V to 5.5V. 


WRAL 
1 
0001 
XXXXXXX 
XXXXXX 
D7-Oo 
D1S-Do 
Writes all memory locations. 
Valid only at Vcc = 4.5V to 5.5V. 


EWDS 
1 
0000 
XXXXXXX 
XXXXXX 
Disables all programming 
instructions. 


Op 
Address 
Data 


Instruction 
S8 
Code 
x8 
x 16 
x8 
x 16 
Comments 


READ 
1 
10XX 
A7-Ao 
As-Ao 
Reads data stored in memory, at 
specified address. 


EWEN 
1 
0011 
XXXXXXXX 
XXXXXXX 
Write enable must precede all 
programming 
modes. 


WRITE 
1 
X1XX 
A7-Ao 
As-Ao 
D7-Oo 
D1S-Do 
Writes memory location An - Ao. 


ERAL 
1 
0010 
XXXXXXXX 
XXXXXXX 
Erases all memory locations. 
Valid only at Vcc - 4.5V to 5.5V. 


WRAL 
1 
0001 
XXXXXXXX 


Writes all memory locations. 


XXXXXXX 
D7-Oo 
D1S-Do 
Valid when Vcc = 5.0V ± 10% 
and Disable Register cleared. 


EWDS 
1 
0000 
XXXXXXXX 
XXXXXXX 
Disables all programming 
instructions. 


Op 
Address 
Data 


Instruction 
S8 
Code 
x8 
x 16 
x8 
x 16 
Comments 


READ 
1 
10XX 
Aa-Ao 
A7-Ao 
Reads data stored in memory, at 
specified address. 


EWEN 
1 
0011 
XXXXXXXXX 
XXXXXXXX 
Write enable must precede all 
programming 
modes. 


WRITE 
1 
X1XX 
Aa-Ao 
A7-Ao 
D7-Oo 
D1S-Do 
Writes memory location An - Ao. 


ERAL 
1 
0010 
XXXXXXXXX 
XXXXXXXX 
Erases all memory locations. 
Valid only at Vcc - 4.5V to 5.5V. 


WRAL 
1 
0001 
XXXXXXXXX 
XXXXXXXX 
Writes all memory locations. 


07-00 
D1S-Do 
Valid when Vcc = 5.0V ± 10% 
and Disable Register cleared. 


EWDS 
1 
0000 
XXXXXXXXX 
XXXXXXXX 
Disables all programming 
instructions. 
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Functional Description 


The AT59Cll/22/13 
are accessed 
via a simple and versatile 


four-wire serial communication 
interface. Device operation is 


controlled 
by six instructions 
issued by the host processor. 
A 


valid instruction consists of a Start Bit (logic '1') followed by 
the appropriate Op Code and the desired memory Address loca- 
tion. 


READ (READ): 
The Read (READ) instruction contains the 


Address code for the memory location to be read. After the in- 
struction and address are decoded, data from the selected mem- 
ory location is available at the serial output pin 00. Output data 
changes are synchronized 
with the rising edges of serial clock 


CLK. It should be noted that a dummy bit (logic '0') precedes 
the 8- or 16-bit data output string. 


ERASE/WRITE 
(EWEN): 
To assure data integrity, the part 


automatically 
goes into the Erase/Write 
Disable (EWDS) state 


when power is fIrst applied. An Erase/Write 
Enable (EWEN) 


instruction must be executed first before any programming 
in- 


structions 
can be carried 
out. Please 
note that once in the 


Erase/Write 
Enable state, programming 
remains enabled until 


an Erase/Write 
Disable (EWDS) instruction is executed or Vcc 


power is removed from the part. 


WRITE (WRITE): 
The Write (WRITE) instruction 
contains 


the 8 or 16 bits of data to be written into the specified memory 
location. The self-timed programming 
cycle starts after the last 


Timing Diagrams 


Synchronous Data Timing 


cs 
V1H 


V1L 


CLK 
V1H 


V1L 


01 
V1H 


V1L 


00 
(REAO) 
VOH 


VOL 


~BD 


ROY/BUSY 
VOH 


VOL 


Note: 
1. This is the minimum eLK period. 


bit 
of data 
is received 
at serial 
data 
input 
pin 
DI. The 


Ready/Busy status of the AT59C 11/22/13 can be determined by 
polling the RDY/BUSY 
pin. A logic '0' at RDY/BUSY 
indi- 


cates that programming 
is still in progress. A logic 'I' indicates 


that the memory location at the specified address has been writ- 
ten with the data pattern contained in the instruction and the part 
is ready for further instructions. 


ERASE ALL (ERAL): 
The Erase All (ERAL) instruction pro- 


grams every bit in the memory array to the logic 'I' 
state and is 


primarily used for testing purposes. The Ready/Busy 
status of 


the 
AT59Cll/22/13 
can 
be 
determined 
by 
polling 
the 


RDY/BUSY 
pin. The ERAL instruction is valid only at Vcc = 
5.0V± 
10%. 


WRITE ALL (WRAL): 
The Write All (WRAL) 
instruction 
programs all memory locations with the data patterns specifIed 
in 
the 
instruction. 
The 
Ready/Busy 
status 
of 
the 


AT59Cll/22/13 
can be determined by polling theRDY/BUSY 


pin. The WRAL instruction is valid only at Vcc = 5.0 V ± 10%. 


ERASE/WRlTE 
DISABLE (EWDS): 
To protect against acci- 


dental data disturb, the Erase/Write Disable (EWDS) instruction 
disables all programming 
modes and should be executed after 


all programming 
operations. 
The operation 
of the READ in- 


1 llS(1) 
'I' 
lcKL 


Density 1K 
Density 2K 
Density4K 


1/0 
x8 
x 16 
x8 
x 16 
x8 
x 16 


AN 
A6 
As 
Aa 
A7 
As 
A7 


ON 
07 
015 
07 
015 
07 
015 


cs -l 


----------~/,~ 
;;;v!~ 


HIGH-Z 
r-~ 


II 
II 


CS~ 
If 
If~ 


ClK ~1JlrLi~ 


cs ~ 


01 
~o 
o~ 
x 
x 
x 
x 
x 
x 
X 


ENABLE: 
11 
"DISABLE 
: 
00 
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Timing Diagrams (Continued) 


ERAL Timing 


t-d 
----w- 


t-d 
----~W-- 


twc 
Icc (max) 
ISB (max) 
fMAX 
Ordering Code 
Package 
Operation Range 
(ms) 
(~) 
(~) 
(kHz) 


10 
1000 
30.0 
1000 
AT59C11-10PC 
8P3 
Commercial 


AT59C11W-108C 
882 
(O°C to 70°C) 


10 
400 
10.0 
1000 
AT59C11-10PC-2.7 
8P3 
Commercial 


AT59C11W-108C-2.7 
882 
(O°C to 70°C) 


10 
300 
7.0 
500 
AT59C 11-1OPC-2.5 
8P3 
Commercial 


AT59C11W-108C-2.5 
882 
(O°C to 70°C) 


10 
40 
0.1 
250 
AT59C11-10PC-1.8 
8P3 
Commercial 


AT59C11W-108C-1.8 
882 
(O°C to 70°C) 


10 
1000 
30.0 
1000 
AT59C11-10PI 
8P3 
Industrial 


AT59C11W-1081 
882 
(-40°C to 85°C) 


10 
400 
10.0 
1000 
AT59C11-10PI-2.7 
8P3 
Industrial 


AT59C11W-1081-2.7 
882 
(-40°C to 85°C) 


10 
300 
7.0 
500 
AT59C11-10PI-2.5 
8P3 
Industrial 


AT59C11W-1081-2.5 
882 
(-40°C to 85°C) 


10 
40 
0.1 
250 
AT59C11-10PI-1.8 
8P3 
Industrial 


AT59C11W-1081-1.8 
882 
(-40°C to 85°C) 


Package Type 


8P3 
8 Lead, 0.300" Wide, Plastic Duallnline 
Package (PDIP) 


852 
8 Lead, 0.200" Wide, Plastic Gull Wing Small Outline (EIAJ SOle) 


Options 


Blank 
Standard Device (4.5 V to 5.5 V) 


-2.7 
Low Voltage (2.7 V to 5.5 V) 


-2.5 
Low Voltage (2.5 V to 5.5 V) 


-1.8 
Low Voltage (1.8 V to 5.5 V) 
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twe 
lee (max) 
IS8 (max) 
fMAX 
Ordering Code 
Package 
Operation 
Range 
(ms) 
(l!A) 
(l!A) 
(kHz) 


10 
1000 
30.0 
1000 
AT59C22-10PC 
8P3 
Commercial 


AT59C22W-10SC 
8S2 
(O°C to 70°C) 


10 
400 
10.0 
1000 
AT59C22-1 OPC-2.7 
8P3 
Commercial 


AT59C22W-1 OSC-2.7 
8S2 
(O°C to 70°C) 


10 
300 
7.0 
500 
AT59C22-10PC-2.5 
8P3 
Commercial 


AT59C22W-10SC-2.5 
8S2 
(O°C to 70°C) 


10 
40 
0.1 
250 
AT59C22-10PC-1.8 
8P3 
Commercial 


AT59C22W-10SC-1.8 
8S2 
(O°C to 70°C) 


10 
1000 
30.0 
1000 
AT59C22-10PI 
8P3 
Industrial 


AT59C22W-1 OSI 
8S2 
(-40°C to 85°C) 


10 
400 
10.0 
1000 
AT59C22-10PI-2.7 
8P3 
Industrial 


AT59C22W-1 OSI-2.7 
8S2 
(-40°C to 85°C) 


10 
300 
7.0 
500 
AT59C22-10PI-2.5 
8P3 
Industrial 


AT59C22W-10SI-2.5 
8S2 
(-40°C to 85°C) 


10 
40 
0.1 
250 
AT59C22-10PI-1.8 
8P3 
Industrial 


AT59C22W-10SI-1.8 
8S2 
(-40°C to 85°C) 


Package 
Type 


8P3 
8 Lead, 0.300" Wide, Plastic Duallnline 
Package (PDIP) 


851 
8 Lead, 0.200" Wide, Plastic Gull Wing Small Outline (EIAJ SOle) 


Options 


Blank 
Standard Device (4.5 V to 5.5 V) 


-2.7 
Low Voltage (2.7 V to 5.5 V) 


-2.5 
Low Voltage (2.5 V to 5.5 V) 


-1.8 
Low Voltage (1.8 V to 5.5 V) 


twe 
lee (max) 
ISB (max) 
fMAX 
Ordering Code 
Package 
Operation Range 
(ms) 
(~) 
(~) 
(kHz) 


10 
1000 
30.0 
1000 
AT59C13-10PC 
8P3 
Commercial 


AT59C13W-108C 
882 
WCto 
70°C) 


10 
400 
10.0 
1000 
AT59C13-10PC-2.7 
8P3 
Commercial 


AT59C 13W-1 08C-2. 7 
882 
(O°C to 70°C) 


10 
300 
7.0 
500 
AT59C13-10PC-2.5 
8P3 
Commercial 


AT59C13W-108C-2.5 
882 
(O°C to 70°C) 


10 
40 
0.1 
250 
AT59C13-10PC-1.8 
8P3 
Commercial 


AT59C13W-108C-1.8 
882 
(O°C to 70°C) 


10 
1000 
30.0 
1000 
AT59C13-10PI 
8P3 
Industrial 


AT59C13W-1081 
882 
(-40°C to 85°C) 


10 
400 
10.0 
1000 
AT59C13-10PI-2.7 
8P3 
Industrial 


AT59C13W-1081-2.7 
882 
(-40°C to 85°C) 


10 
300 
7.0 
500 
AT59C13-10PI-2.5 
8P3 
Industrial 


AT59C13W-1081-2.5 
882 
(-40°C to 85°C) 


10 
40 
0.1 
250 
AT59C13-10PI-1.8 
8P3 
Industrial 


AT59C13W-1081-1.8 
882 
(-40°C to 85°C) 


Package Type 


8P3 
I 
8 Lead, 0.300" Wide, Plastic Duallnline 
Package (PDIP) 


851 
8 Lead, 0.200" Wide, Plastic Gull Wing Small Outline (EIAJ SOle) 


Options 


Blank 
Standard Device (4.5 V to 5.5 V) 


-2.7 
Low Voltage (2.7 V to 5.5 V) 


-2.5 
Low Voltage (2.5 V to 5.5 V) 


-1.8 
Low Voltage (1.8 V to 5.5 V) 
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• 
Fast Read Access Time -150 
ns 
• 
Fast Byte Write - 200 llS or 1 ms 
• 
Self-Timed 
Byte Write Cycle 


Internal Address and Data latches 
Internal Control Timer 
Automatic 
Clear Before Write 


• 
Direct Microprocessor 
Control 
DATA POLLING 


• 
low 
Power 


30 mA Active Current 
100 ~ 
CMOS Standby Current 
• 
High Reliability 


Endurance: 
104 or 105 cycles 
Data Retention: 
10 years 
• 
5 V ± 10% Supply 


• 
CMOS & TTl 
Compatible 
Inputs and Outputs 
• 
JEDEC Approved 
Byte Wide Pinout 
• 
Full Military, Commercial, 
and Industrial Temperature 
Ranges 


4K (512 X 8) 
CMOS 
E2pROM 


Description 


The AT28C04 
is a low-power, 
high-performance 
Electrically 
Erasable and Programmable 


Read Only Memory with easy to use features. The AT28C04 is a 4K memory organized as 
512 words x 8 bilS. The device is manufactured 
with Atmel's 
reliable nonvolatile 
CMOS 


technology. 


The AT28C04 is accessed like a static RAM for the read or write cycles without the need of 
external components. 
During a byte write, the address and data are latched internally, freeing 


the microprocessor 
address and data bus for other operations. Following 
the initiation of a 


write cycle, the device will go to a busy state and automatically 
clear and write the latched 


data using an internal control timer. The end of a write cycle can be determined 
by DATA 


polling of I/O? Once the end of a write cycle has been detected, a new access for a read or a 
write can begin. 


The CMOS technology offers fast access times of 150 ns at low power dissipation. When the 
chip is deselected 
the standby current is less than 100 1lA. Atmel's 
28C04 has additional 


features to ensure high quality and manufacturability, 
including internal error correction for 


extended endurance and for improved data retention characteristics. 


Pin Name 
Function 


AD-AS 
Addresses 


CE 
Chip 
Enable 


OE 
Output 
Enable 


WE 
Write 
Enable 


1/00-1/07 
Data 
Inputs/Outputs 


NC 
No Connect 


A7 
vcc 


AS 
A6 


"" 
~ 
AS 
A6 
M 
WE 
"" 
NC 
A3 
DE 
M 
NC 
A2 
NC 
A3 
NC 


A' 
CE 
A2 
DE 


AD 
1107 
Al 
NC 


1100 
1106 
AD 
CE 


1101 
110. 
NC 
007 


1102 
110. 
1100 
006 


GND 
1103 
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OE 


WE 


CE 


ADDRESS 
[ 


INPUTS 


OE, CEANDWE 
LOGIC 


Absolute Maximum Ratings* 


Temperature 
Under Bias 
-55°C to +125°C 


Storage Temperature 
-650C to +150oC 


All Input Voltages 
(including N.C. Pins) 
with Respect to Ground 
-0.6 V to +6.25 V 


All Output Voltages 
with Respect to Ground 
-0.6 V to Vcc +0.6 V 


VoltageonOE 
with Respect to Ground 
-0.6 V to +13.5 V 


Device Operation 


READ: 
The AT28C04 is accessed like a Static RAM. When 


CE and OE are low and WE is high, the data stored at the mem- 
ory location determined 
by the address pins is asserted on the 


outputs. The outputs are put in a high impedance state whenever 
CE or OE is high. This dual line control gives designers 
in- 


creased flexibility in preventing bus contention. 


BYTE WRITE: 
Writing data into the AT28C04 is similar to 


writing into a Static RAM. A low pulse on the WE or CE input 
with OE high and CE or WE low (respectively) 
initiates a byte 


write. The address location is latched on the last falling edge of 
WE (or CE); the new data is latched on the first rising edge. 
Internally, the device performs a self-clear before write. Once a 
byte write has been started, it will automatically 
time itself to 


completion. 


FAST BYTE WRITE: 
The AT28C04F 
offers a byte write 


time of 200 J.lS maximum. This feature allows the entire device 
to be rewritten in O.I seconds. 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 


mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


DATA POLLING: 
The AT28C04 
provides 
DATA POLL- 


ING to signal the completion 
of a write cycle. During a write 


cycle, an attempted read of the data being written results in the 
complement 
of that data for 1/07 (the other outputs are indeter- 
minate). When the write cycle is finished, true data appears on 
all outputs. 


WRITE PROTECTION: 
Inadvertent 
writes to the device are 


protected against in the following ways. (a) Vcc sense- 
if Vcc 


is below 3.8 V (typical) the write function is inhibited. (b) Vcc 
power on delay- 
once Vcc has reached 3.8 V the device will 


automatically 
time out 5 ms (typical) before allowing 
a byte 


write. (c) Write Inhibit- 
holding anyone 
of OE low, CE high 
or WE high inhibits byte write cycles. 


CHIP CLEAR: 
The contents 
of the entire 
memory 
of the 


AT28C04 may be set to the high state by the CHIP CLEAR 
operation. 
By setting CE low and OE to 12 volts, the chip is 
cleared when a 10 msec low pulse is applied to WE. 


AT28C04-15 
AT28C04-20 
AT28CQ4-25 


Com. 
OOC-70°C 
OOC-70°C 
OOC-70°C 
Operating 
Ind. 
-40°C - 8SoC 
-40°C - 8SoC 
-40°C - 8SoC 
Temperature 
(Case) 


Mil. 
-SSoC - 12SoC 
-SSoC - 12SoC 
-5SoC - 12SoC 


Vee Power Supply 
S V± 10% 
S V± 10% 
S V±10% • 


Mode 
CE 
OE 
WE 
110 


Read 
VIL 
VIL 
VIH 
DOUT 


Write(2) 
VIL 
VIH 
VIL 
DIN 


StandbylWrite 
Inhibit 
VIH 
X(1) 
X 
High Z 


Write Inhibit 
X 
X 
VIH 


Write Inhibit 
X 
VIL 
X 


Output Disable 
X 
VIH 
X 
HighZ 


Chip Erase 
VIL 
VH (3) 
VIL 
HighZ 


NOles: 
1. X can be VII. or Vlli. 
2. Refer to A.c. Programming 
Waveforms. 


Symbol 
Parameter 
Condition 
Mln 
Max 
Units 


III 
Input Load Current 
VIN = 0 V to Vee + 1 V 
10 
lJ.A 


ILO 
Output Leakage Current 
VIIO=OVto Vee 
10 
lJ.A 


1581 
Vee Standby Current CMOS 
CE = Vee-0.3 V to Vee + 1.0 V 
100 
lJ.A 


Vee Standby Current TIL 
CE = 2.0 V to Vee + 1.0 V 
Com. 
2 
mA 
1582 


Ind., Mil. 
3 
mA 


Ice 
Vee Active Current A.C. 
f = S MHz; lOUT= 0 mA 
Com. 
30 
mA 


CE = VIL 
Ind., Mil. 
45 
mA 


VIL 
Input Low Voltage 
0.8 
V 


VIH 
Input High Voltage 
2.0 
V 


VOL 
Output Low Voltage 
IOL= 2.1 mA 
.4 
V 


VOH 
Output High Voltage 
IOH= -400 JlA 
2.4 
V 


Typ 
Max 
Units 
Conditions 


CIN 
I 
4 
6 
pF 
VIN = 0 V 


COUT 
I 
8 
12 
pF 
VOUT = 0 V 
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AT28CQ4·15 
AT28C04·20 
AT28C04-25 


Symbol 
Parameter 
Min 
Max 
Min 
Max 
Min 
Max 
Units 


tACC 
Address 
to Output 
Delay 
150 
200 
250 
ns 


tCE (1) 
CE to Output 
Delay 
150 
200 
250 
ns 


tOE (2) 
OE to Output 
Delay 
10 
70 
10 
80 
10 
100 
ns 


tDF (3,4) 
CE or OE High to Output 
Float 
0 
50 
0 
55 
0 
60 
ns 


tOH 
Output 
Hold from OE, CE or 
0 
0 
0 
ns 
Address, 
whichever 
occurred 
first 


tDF 


tOH 


OUTPUT 
VALID 


Notes: 
1. CE may be delayed 
up to tACC - teE after the address 
transition 
without 
impact 
on tACC. 
2. OE may be delayed 
up to teE - toE after the falling 
edge 
of CE without 
impact 
on teE or by tACC - toE after an address 
change 
without 
impact 
on tACe. 


3. 
tDF is specified 
from OE or CE whichever 
occurs 
first 
eCL = 5 pl'). 
4. 
This parameter 
is characterized 
and is not 100% tested. 


< 


3.0V 
AC 


DRIVING 
LEVELS 


O.OV 


AC 
MEASUREMENT 
LEVEL 


Output Test load 


5.0V 


1.811 


OUTPUT 
PIN 


1.3K 
~ 
100pF 


Input Test Waveforms 
and 
Measurement 
level 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 


lAs, tOES 
Address, OE Set-up Time 
10 
ns 


lAH 
Address Hold Time 
50 
ns 


twp 
Write Pulse Width (WE or CEl 
100 
1000 
ns 


tos 
Data Set-up Time 
50 
ns 


tOH,tOEH 
Data, OE Hold Time 
10 
ns 


Write Cycle Time 
AT28C04 
0.5 
1.0 
ms 
!we 


AT28C04EJF 
100 
200 
~s 


AlmEL 


• 


AlmEl 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 


tOH 
Data Hold Time 
10 
ns 


tOEH 
OE Hold Time 
10 
ns 


tOE 
OE to Output Delay 
100 
ns 


tWR 
Write Recovery Time 
0 
ns 


Data Polling Waveforms 


WE 


VI 


CE 
VIL 


VH 


IS = IH = IIJ.SeC(min.) 


Iw = 10 msec (min.) 
VH= 12.0V± 
0.5 V 


OE 


VI 


VIH 


WE 
VIL 


N 1.3 


o 


r 
1.2 
m 
a 
I 
1.1 


I 
0.9 


C 
C 
0.8 


-55 


060 


u 
tSO 
p 
u 
40 


t 


C 30 


u 
r 
20 


r 
e 
10 
n 


t 
0 
o 


NORMALIZED 
SUPPLY 
CURRENT 
vs. 


TEMPERATURE 


5 
35 
65 


Temperature 
(e) 


NORMALIZED 
SUPPLY 
CURRENT 
vs. 


ADDRESS 
FREQUENCY 


r 
1.0 
m 
a 
I 
0.9 
i 
z 
e 
0.8 


d 


I 
0.7 


C 
C 
0.6 
o 
2 
3 


Frequency 
(MHz) 


OUTPUT 
SINK CURRENT 
vs. 


OUTPUT 
VOLTAGE 


2 
3 
Output Voltage (V) 


NORMALIZED 
SUPPLY 
CURRENT 
vs. 


SUPPLY 
VOLTAGE 


o 
r 
m 
1.2 


a 
I 


I 
C 


C 
0.6 


4.SO 
~~ 
~OO 
5~ 


Supply Voltage (V) 


N 1.25 
o 
r 
m 
1.20 
a 


NORMALIZED 
ACCESS 
TIME vs. 


OUTPUT 
LOAD 


i 
1.15 


z 
e 
1.10 


d 


t 
1.05 


A 
C 
C 
1.00 


100 
200 
300 


Output Load (pF) 


OUTPUT 
SOURCE 
CURRENT 
vs. 


OUTPUT 
VOLTAGE 


o 
40 


u 
t 
P 
30 


u 


234 


Output Voltage (V) 
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tACC 
Icc(mA) 
Ordering Code 
Package 
Operation 
Range 
(ns) 
Active 
Standby 


150 
30 
0.1 
AT28C04(E,F)-150C 
2406 
Commercial 


AT28C04(E,F)-15PC 
24P6 
(O°C to 70°C) 


150 
45 
0.1 
AT28C04(E,F)-1501 
2406 
Industrial 


AT28C04(E,F)-15PI 
24P6 
(-40°C to 85°C) 


AT28C04(E,F)-150M/883 
2406 
Military/883C 


Class B, Fully Compliant 


(-55°C to 125°C) 


200 
30 
0.1 
AT28C04(E,F)-200C 
2406 
Commercial 


AT28C04(E,F)-20PC 
24P6 
(O°C to 70°C) 


200 
45 
0.1 
AT28C04(E,F)-2001 
2406 
Industrial 


AT28C04(E,F)-20PI 
24P6 
(-40°C to 85°C) 


AT28C04(E,F)-200M/883 
2406 
Military/883C 


Class B, Fully Compliant 


(-55°C to 125°C) 


250 
30 
0.1 
AT28C04(E,F)-250C 
2406 
Commercial 


AT28C04(E,F)-25PC 
24P6 
(O°C to 70°C) 


AT28C04-W 
DIE 


250 
45 
0.1 
AT28C04(E,F)-2501 
2406 
Industrial 


AT28C04(E,F)-25PI 
24P6 
(-40°C to 85°C) 


AT28C04(E,F)-250M/883 
2406 
Military/883C 


Class B, Fully Compliant 
(-55°C to 125°C) 


Package Type 


2406 
24 Lead, 0.600' Wide, Non-Windowed, Ceramic Ouallnline Package (Cerdip) 


24P6 
24 Lead, 0.600· Wide, Plastic Dual Inline Package (POIP) 


W 
Die 


Options 


Blank 
Standard Device: Endurance = 10K Write Cycles; Write Time = 1 ms 


E 
High Endurance Option: Endurance = 100K Write Cycles; Write Time = 200 \IS 


F 
Fast Write Option: Write Time = 200 I-ls 


Features 


• 
Fast Read Access Time ·150 ns 
• 
Fast Byte Write· 
200 lJ.S or 1 ms 
• 
Self· Timed Byte Write Cycle 
Internal Address and Data Latches 
Internal Control Timer 
Automatic 
Clear Before Write 
• 
Direct Microprocessor 
Control 
DATA POLLING 
• 
low 
Power 
30 mA Active Current 
100 !1A CMOS Standby Current 
• 
High Reliability 
Endurance: 
104 or 105 cycles 
Data Retention: 
10 years 
• 
5 V ± 10% Supply 
• 
CMOS & TTl 
Compatible 
Inputs and Outputs 
• 
JEDEC Approved 
Byte Wide Pinout 
• 
Full Military, Commercial, 
and Industrial Temperature 
Ranges 


Description 


The AT28C16 
is a low-power, 
high-performance 
Electrically 
Erasable and Programmable 
Read Only Memory with easy to use features. The AT28C16 is a 16K memory organized as 
2,048 words x 8 bits. The device is manufactured 
with Atrnel's reliable non-volatile 
CMOS 
technology. 


The AT28C16 is accessed like a static RAM for the read or write cycles without the need of 
external components. 
During a byte write, the address and data are latched internally, freeing 
the microprocessor 
address and data bus for other operations. 
Following 
the initiation of a 
write cycle, the device will go to a busy state and automatically 
clear and write the latched 
data using an internal control timer. The end of a write cycle can be determined 
by DATA 
polling of 1/07. Once the end of a write cycle has been detected, a new access for a read or a 
write can begin. 


The CMOS technology offers fast access times of 150 ns at low power dissipation. When the 
chip is deselected the standby current is less than 100 ~. 


Atrnel's 28C16 has additional features to ensure high quality and manufacturability. 
The de- 
vice utilizes error correction 
internally for extended endurance and for improved data reten- 
tion characteristics. 
An extra 32 bytes of E2PROM are available for device identification 
or 
tracking. 


Pin Name 
Function 


AO-Al0 
Addresses 


CE 
Chip Enable 


OE 
Output Enable 


WE 
Write Enable 


1/00-1/07 
Data Inputs/Outputs 


NC 
No Connect 


A7 
VCC 
At; 
AS 
At; 
AS 
AS 
As; 
AS 
As; 
A4 
WE 
A4 
NC 
A3 
5E 
A3 
NC 
1>2 
A.O 
1>2 
6E 
Al 
C- 
A. 
Al0 
AO 
1107 
AO 
C- 
1100 
110. 
NC 
V07 
110. 
1105 
IlOO 
1106 
1102 
110. 
ONO 
1103 


16K (2K X 8) 
CMOS 
E2pROM • 


AlmEL 


OE 


WE 


CE 


ADDRESS 
[ 


INPUTS 


OE, CEANDWE 
LOGIC 


Absolute Maximum Ratings* 


Temperature 
Under Bias 
-55°C to +125°C 


Storage Temperature 
-65°C to +150°C 


All Input Voltages 
(including N.C. Pins) 
with Respect to Ground 
-0.6 V to +6.25 V 


All Output Voltages 
with Respect to Ground 
-0.6 V to Vcc +0.6 V 


Voltage on OE and A9 
with Respect to Ground 
-0.6 V to +13.5 V 


Device Operation 


READ: 
The AT28CI6 
is accessed like a Static RAM. When 


CE and OE are low and WE is high, the data stored at the mem- 
ory location determined 
by the address pins is asserted on the 
outputs. The outputs are put in a high impedance state whenever 
CE or OE is high. This dual line control gives designers 
in- 


creased flexibility in preventing bus contention. 


BYTE WRITE: 
Writing data into the AT28C16 is similar to 


writing into a Static RAM. A low pulse on the WE or CE input 
with OE high and CE or WE low (respectively) 
initiates a byte 


write. The address location is latched on the last falling edge of 
WE (or CE); the new data is latched on the fust rising edge. 
Internally, the device performs a self-clear before write. Once a 
byte write has been started, it will automatically 
time itself to 


completion. 


FAST BYTE WRITE: 
The AT28CI6F 
offers a byte write 


time of 200 lIS maximum. This feature allows the entire device 
to be rewritten in 0.4 seconds. 


DATA POLLING: 
The AT28C16 
provides 
DATA POLL- 


ING to signal the completion 
of a write cycle. During a write 


cycle, an attempted read of the data being written results in the 


CELL MATRIX 


IDENTIFICATION 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 


mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those mdicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


complement 
of that data for 1/07 (the other outputs are indeter- 


minate). When the write cycle is finished, true data appears on 
all outputs. 


WRITE PROTECTION: 
Inadvertent 
writes to the device are 


protected against in the following ways. (a) Vcc sense-- 
if Vcc 


is below 3.8 V (typical) the write function is inhibited. (b) Vcc 
power on delay- 
once Vcc has reached 3.8 V the device will 


automatically 
time out 5 ms (typical) before allowing 
a byte 


write. (c) Write Inhibit- 
holding anyone 
of OE low, CE high 
or WE high inhibits byte write cycles. 


CHIP CLEAR: 
The contents 
of the entire 
memory 
of the 


AT28C16 
may be set to the high state by the CHIP CLEAR 
operation. 
By setting CE low and OE to 12 volts, the chip is 


cleared when a 10 msec low pulse is applied to WE. 


DEVICE IDENTIFICATION: 
An extra 32 bytes ofE2PROM 


memory are available to the user for device identification. 
By 


raising A9 to 12 ± 0.5 V and using address locations 7EOH to 
7FFH the additional bytes may be written to or read from in the 
same manner as the regular memory array. 


AT28C16-15 
AT28C16-20 
AT28C16-25 


Com. 
OOC-70°C 
OOC-70°C 
OOC-70°C 
Operating 
Ind. 
-40°C - 85°C 
-40°C - 85°C 
-40°C - 85°C 
Temperature 
(Case) 
Mil. 
-55°C - 125°C 
-55°C - 125°C 
-55°C - 125°C 


Vcc Power Supply 
5 V± 
10% 
5 V± 10% 
5 V± 10% 


Mode 
CE 
OE 
WE 
1/0 


Read 
VIL 
VIL 
VIH 
DOUT 


Write(2) 
VIL 
VIH 
VIL 
DIN 


StandbylWrite 
Inhibit 
VIH 
X(1) 
X 
HighZ 


Write Inhibit 
, 
X 
X 
VIH 


Write Inhibit 
X 
VIL 
X 


Output Disable 
X 
VIH 
X 
HighZ 


Chip Erase 
VIL 
VH (3) 
VIL 
HighZ 
Notes: 
1. X can be VlLor Vrn. 
2. Refer to A.C. Programming Waveforms. 


Symbol 
Parameter 
Condition 
Mln 
Max 
Units 


III 
Input Load Current 
VIN=OVtoVcc+1 
V 
10 
~ 


ILO 
Output Leakage Current 
VI/O=OVto Vcc 
10 
~ 


1581 
Vcc Standby Current CMOS 
CE = Vcc-0.3 
V to Vcc + 1.0 V 
100 
~ 
- 
Com. 
2 
mA 
1582 
Vcc Standby Current TIL 
CE = 2.0 V to Vcc + 1.0 V 
Ind., Mil. 
3 
mA 


Icc 
Vcc Active Current A.C. 
!= 5 MHz; lOUT= 0 mA 
Com. 
30 
mA 


CE = VIL 
Ind., Mil. 
45 
mA 


VIL 
Input Low Voltage 
0.8 
V 


VIH 
Input High Voltage 
2.0 
V 


VOL 
Output Low Voltage 
IOL= 2.1 mA 
.4 
V 


VOH 
Output High Voltage 
I, 
IOH= -400 IlA 
. 
2.4 
V 


Typ 
Max 
Units 
Conditions 


CIN 
I 
4 
6 
pF 
VIN = 0 V 


COUT 
I 
8 
12 
pF 
VOUT= 0 V 


AlmEL 
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AT28Cl6-15 
AT28Cl6-20 
AT28Cl6-25 


Symbol 
Parameter 
Min 
Max 
Min 
Max 
Min 
Max 
Units 


lAcc 
Address to Output Delay 
150 
200 
250 
ns 


teE (1) 
CE to Output Delay 
150 
200 
250 
ns 


tOE (2) 
OE to Output Delay 
10 
70 
10 
80 
10 
100 
ns 
tDF (3,4) 
CE or OE High to Output Float 
0 
50 
0 
55 
0 
60 
ns 


tOH 
Output Hold from OE, CE or 
0 
0 
0 
ns 
Address, whichever 
occurred first 


tCE 
tOE 


tDF 


tOH 


OUTPUT 
VALID 


Noles: 
1. CE may be delayed up to tACC- teE after the address transition 
without impact on tACC. 
2. OE may be delayed up to teE - IoEafter the falling edge 
of CE without impact on teE or by tACC- IoEafter an address 
change without impact on tACC. 


3. tOFis specified from OE or CE whichever occurs fIrSt 
(CL=5pF). 


4. This parameter is characterized and is not 100% tested. 


< 


3.0V 


AC 
DRIVING 
LEVELS 


O.OV 


AC 
MEASUREMENT 
LEVEL 


Output Test Load 


5.0V 


1.811 


OUTPUT 
PIN 


1.3K 
~ 
100pF 


Input Test Waveforms and 
Measurement 
Level 


Symbol 
Parameter 
Mln 
Typ 
Max 
Unhs 


IAs. tOES 
Address. OE Set-up Time 
10 
ns 


IAH 
Address Hold Time 
50 
ns 


twP 
Write Pulse Width (WE or CE) 
100 
1000 
ns 


tos 
Data Set-up Time 
50 
ns 


tOH.toEH 
Data. OE Hold Time 
10 
ns 


Write Cycle Time 
AT28C16 
0.5 
1.0 
ms 
twe 


AT28C16E1F 
100 
200 
JlS • 


A.C. Write Waveforms- 
WE Controlled 


OE 


AlmEL 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 


tOH 
Data Hold Time 
10 
ns 


tOEH 
OE Hold Time 
10 
ns 


tOE 
OE to Output Delay 
100 
ns 


twR 
Write Recovery Time 
0 
ns 


Data Polling Waveforms 


WE 


AO-A10 
A_n_X 
An 
X 
An 


Is = tH = 1 flSec (min.) 
tw = 10 msec 
(min.) 
VH=12.0V± 
0.5V 


VIH 


WE 
VIL 


NORMALIZED 
SUPPLY CURRENT 
vs. 


TEMPERATURE 


N 
1.3 


o 


r 
1.2 
m 
a 
11.1 


I 
0.9 


C 
C 
0.8 


-55 
5 
35 
65 


Temperature 
(C) 


NORMALIZED 
SUPPLY CURRENT 
vs. 


ADDRESS 
FREQUENCY 


N 
1.1 
o 


r 
1.0 
m 
a 
I 
0.9 


I 
0.7 


C 
C 
0.6 
o 
2 
3 


Frequency 
(MHz) 


OUTPUT 
SINK CURRENT 
vs. 


OUTPUT 
VOLTAGE 


NORMALIZED 
SUPPLY CURRENT 
vs. 


SUPPLY VOLTAGE 


o 
r 
m 
1.2 


a 
I 


I 
C 


C 
0.6 


4.50 
4.75 
5.00 
5.25 


Supply Voltage (V) 


N 
1.25 
o 
r 
m 
1.20 
a 
Ii 
1.15 


z 


e 
1.10 
d 


NORMALIZED 
ACCESS TIME vs. 


OUTPUT 
LOAD 


t 
1.05 


A 
C 
C 
1.00 
100 
200 
300 


Output Load (pF) 


OUTPUT 
SOURCE 
CURRENT 
vs. 


OUTPUT 
VOLTAGE 
060 
o 40 


u 
u 
t 
50 
t 
P 
P 30 
u 
40 
u 
t 
t 


C 
30 
20 
C 
u 
u 


r 
20 
r 
Vcc: 
5V 
r 
10 
10 
T = 25C 
e 
n 


0 
t 
0 


0 
2 
3 
0 


Output Voltage (V) 


AlmEL 


2 
3 


Output Voltage (V) 
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fAce 
Icc(mA) 
Ordering Code 
Package 
Operation Range 
(ns) 
Active 
Standby 


150 
30 
0.1 
AT28C16(E,F)-150C 
2406 
Commercial 


AT28C16(E,F)-15JC 
32J 
(O°C to 70°C) 


AT28C16(E,F)-15PC 
24P6 
AT28C16(E,F)-15SC 
24S 


150 
45 
0.1 
AT28C16(E,F)-1501 
2406 
Industrial 


AT28C16(E,F)-15JI 
32J 
(-40°C to 85°C) 


AT28C16(E,F)-15PI 
24P6 
AT28C16(E,F)-15SI 
24S 


AT28C16(E,F)-150M/883 
2406 
Military/883C 


AT28C16(E,F)-15LM/883 
32L 
Class S, Fully Compliant 


(-55°C to 125°C) 


200 
30 
0.1 
AT28C16(E,F)-200C 
2406 
Commercial 


AT28C16(E,F)-20JC 
32J 
(O°C to 70°C) 


AT28C16(E,F)-20PC 
24P6 
AT28C16(E,F)-20SC 
24S 


200 
45 
0.1 
AT28C16(E,F)-2001 
2406 
Industrial 
AT28C16(E,F)-20JI 
32J 
(-40°C to 85°C) 


AT28C16(E,F)-20PI 
24P6 
AT28C16(E,F)-20SI 
24S 


AT28C16(E,F)-200M/883 
2406 
Military/883C 


AT28C 16( E,F)-20LM/883 
32L 
Class S, Fully Compliant 


(-55°C to 125°C) 


250 
30 
0.1 
AT28C16(E,F)-250C 
2406 
Commercial 


AT28C16(E,F)-25JC 
32J 
(O°C to 70°C) 


AT28C16(E,F)-25PC 
24P6 
AT28C16(E,F)-25SC 
24S 
AT28C16-W 
OlE 


250 
45 
0.1 
AT28C16(E,F)-2501 
2406 
Industrial 


AT28C16(E,F)-25JI 
32J 
(-40°C to 85°C) 


AT28C16(E,F)-25PI 
24P6 
AT28C16(E,F)-25SI 
24S 


AT28C16(E,F)-250M/883 
2406 
Military/883C 


AT28C16(E,F)-25LM/883 
32L 
Class S, Fully Compliant 


(-55°C to 125°C) 


Package Type 


2406 
24 Lead, 0.600' 
Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip) 


32J 
32 Lead, Plastic J-Leaded Chip Carrier (PLCC) 


32L 
32 Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC) 


24P6 
24 Lead, 0.600' 
Wide, Plastic Duallnline 
Package (PDIP) 


245 
24 Lead, 0.300' 
Wide, Plastic Gull Wing Small Outline (SOIC) 


W 
Die 


Options 


Blank 
Standard Device: Endurance = 10K Write Cycles; Write Time = 1 ms 


E 
High Endurance Option: Endurance = 1OOKWrite Cycles; Write Time = 200 ~ 


F 
Fast Write Option: Write Time = 200 ~s 


AlmEL 


• 


Features 


• 
Fast Read Access Time· 
150 ns 
• 
Fast Byte Write· 
200 lJ.S or 1 ms 
• 
Self· Timed Byte Write Cycle 
Internal Address and Data Latches 
Internal Control Timer 
Automatic 
Clear Before Write 
• 
Direct Microprocessor 
Control 
DATA POLLING 
READY/BUSY 
Open Drain Output 
• 
Low Power 
30 mA Active Current 
100 lJ.8 CMOS Standby Current 
• 
High Reliability 
Endurance: 
104 or 105 cycles 
Data Retention: 
10 years 
• 
5 V ± 10% Supply 
• 
CMOS & TIL 
Compatible 
Inputs and Outputs 
• 
JEDEC ApprOVed Byte Wide Pinout 
• 
Full Military, Commercial, 
and Industrial Temperature 
Ranges 


Description 


The AT28C17 
is a low-power, 
high-performance 
Electrically 
Erasable and Programmable 
Read Only Memory with easy to use features. The AT28CI7 
is a 16K memory organized as 
2,048 words x 8 bits. The device is manufactured 
with Atmel's 
reliable nonvolatile 
CMOS 
technology. 


The AT28C17 is accessed like a static RAM for the read or write cycles without the need of 
external components. 
Ouring a byte write, the address and data are latched internally, freeing 
the microprocessor 
address and data bus for other operations. Following 
the initiation of a 
write cycle, the device will go to a busy state and automatically 
clear and write the latched 
data using an internal control timer. The device includes two methods for detecting the end of 
a write cycle, level detection of ROY /BUSY and OAT A polling of I/o,. Once the end of a 
write cycle has been detected, a new access for a read or a write can begin. 


The CMOS technology offers fast access times of 150 ns at low power dissipation. When the 
chip is deselected 
the standby current is less than 100 lJ.A. 


Atmel's 28C17 has additional features to ensure high quality and manufacturability. 
The de- 
vice utilizes error correction 
internally for extended endurance and for improved data reten- 
tion characteristics. 
An extra 32 bytes of E2PROM are available for device identification 
or 
tracking. 


Pin Name 
Function 


AO-A10 
Addresses 


CE 
Chip Enable 


OE 
Output Enable 


WE 
Write Enable 


1/00-1/07 
Data Inputs/Outputs 


ROY/BUSY 
Ready/Busy Output 


NC 
No Connect 


28 
VCC 
27 
WE 
26 
NC 
25 
A8 
24 
A9 
23 
NC 
22 
OE 
21 
Al0 
20 
CE 
19 
1107 
18 
1106 
17 
1105 
16 
1104 
15 
1103 


A7 
• 
VCQ.....loIC 
NC 
NC 
WE 
432 
1323130 
A6S 
29M 
AS6 
28A9 
A47 
27NC 
A38 
26NC 
/12.9 
250E 
Al 
10 
24 
A10 
AO 
11 
23 
CE 
NC 
12 
22 
1107 
1100 
13 
21 
1106 
14151617181920 


lIO's12NC345 
GND 


RDYIBUSY 
NC 
A7 
AD 
M 
A4 
A3 
f<2 
Al 
AD 
IKlO 
IKll 
1Kl2 
GND 


'. 
ROY/BUSY 


Note: 
PLCC package 
pins 1 and 


17 are DON'T 
CONNECT. 


AlmEL 


16K (2K X 8) 
CMOS 
E2pROM • 


AlmEL 


OE 


WE 
CE 


ADDRESS 
[ 


INPUTS 


OE, CEANDWE 
LOGIC 


Absolute Maximum Ratings· 


Temperature 
Under Bias 
-55°C to +125°C 


Storage Temperature 
-65°C to +150oC 


All Input Voltages 
(including N.C. Pins) 
with Respect to Ground 
-0.6 V to +6.25 V 


All Output Voltages 
with Respect to Ground 
-0.6 V to Vcc +0.6 V 


Voltage on OE and A9 
with Respect to Ground 
-0.6 V to +13.5 V 


Device Operation 


READ: 
The AT28C17 is accessed like a Static RAM. When 
CE and OE are low and WE is high, the data stored at the mem- 
ory location determined 
by the address pins is asserted on the 
outputs. The outputs are put in a high impedance state whenever 
CE or OE is high. This dual line control gives designers 
in- 


creased flexibility in preventing bus contention. 


BYIE 
WRITE: 
Writing data into the AT28C17 
is similar to 
writing into a Static RAM. A low pulse on the WE or CE input 
with OE high and CE or WE low (respectively) 
initiates a byte 


write. The address location is latched on the last falling edge of 
WE (or CE); the new data is latched on the first rising edge. 
Internally, the device performs a self-clear before write. Once a 
byte write has been started, it will automatically 
time itself to 


completion. 


FAST BYTE WRITE: 
The AT28C17F 
offers a byte write 


time of 200 lIS maximum. This feature allows the entire device 
to be rewritten in 0.4 seconds. 


READY/BUSY: 
Pin 1 is an open drain READY/BUSY 
out- 


put 
that can be used 
to detect 
the end of a write 
cycle. 
RDY/BUSY 
is actively pulled low during the write cycle and is 
released at the completion 
of the write. The open drain connec- 


tion 
allows 
for OR -tying 
of 
several 
devices 
to the same 


RDY/BUSY 
line. 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 


mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


DATA POLLING: 
The AT28C17 
provides 
DATA POLL- 
ING to signal the completion 
of a write cycle. During a write 


cycle, an attempted read of the data being written results in the 
complement of that data for 1/07 (the other outputs are indeter- 
minate). When the write cycle is finished, true data appears on 
all outputs. 


WRITE PROTECTION: 
Inadvertent 
writes to the device are 


protected against in the following ways. (a) Vcc sense- 
if Vcc 
is below 3.8 V (typical) the write function is inhibited. (b) Vcc 
power on delay- 
once Vcc has reached 3.8 V the device will 


automatically 
time out 5 ms (typical) before allowing 
a byte 


write. (c) Write Inhibit- 
holding anyone 
of OE low, CE high 
or WE high inhibits byte write cycles. 


CHIP CLEAR: 
The contents 
of the entire 
memory 
of the 


AT28C17 
may be set to the high state by the CHIP CLEAR 


operation. 
By setting CE low and OE to 12 volts, the chip is 


cleared when a 10 msec low pulse is applied to WE. 


DEVICE IDENTIFICATION: 
An extra 32 bytes ofE2PROM 


memory are available to the user for device identification. 
By 


raising A9 to 12 ± 0.5 V and using address locations 7EOH to 
7FFH the additional bytes may be written to or read from in the 
same manner as the regular memory array. 


AT28C17-15 
AT28C17-20 
AT28C17-25 


Com. 
DoC - 70°C 
OOC- 70°C 
OOC-70°C 
Operating 
Ind. 
-40°C - 85°C 
-40°C - 85°C 
-40°C - 85°C 
Temperature 
(Case) 


Mil. 
-55°C - 125°C 
-55°C - 125°C 
-55°C - 125°C 


Vcc Power Supply 
5 V± 
10% 
5 V± 10% 
5V±10% • 


Mode 
CE 
OE 
WE 
I/O 


Read 
VIL 
VIL 
VIH 
DOUT 


Write(2j 
VIL 
VIH 
VIL 
DIN 


StandbylWrite 
Inhibit 
VIH 
X(1) 
X 
HighZ 


Write Inhibit 
X 
X 
VIH 


Write Inhibit 
X 
VIL 
X 


Output Disable 
X 
VIH 
X 
HighZ 


Chip Erase 
VIL 
VH (3) 
VIL 
HighZ 
Notes: 
I. X can be VlLor Vrn. 
2. Refer to A.C. Programming Waveforms. 


Symbol 
Parameter 
Condition 
Min 
Max 
Units 


III 
Input Load Current 
VIN = 0 V to Vcc + 1 V 
10 
lJ.A 


ILO 
Output Leakage Current 
VI/O= 0 Vto Vcc 
10 
lJ.A 


1881 
Vcc Standby Current CMOS 
CE = Vcc-0.3 
V to Vcc + 1.0 V 
100 
lJ.A 


- 
Com. 
2 
mA 
1882 
Vcc Standby Current TIL 
CE = 2.0 V to Vcc + 1.0 V 
Ind., Mil. 
3 
mA 


Ice 
Vcc Active Current A.C. 
I = 5 MHz; lOUT= 0 mA 
Com. 
30 
mA 


CE = VIL 
Ind., Mil. 
45 
mA 


VIL 
Input Low Voltage 
0.8 
V 


VIH 
Input High Voltage 
2.0 
V 


VOL 
Output Low Voltage 
IOL= 2.1 mA 
.4 
V 
= 4.0 lor RDY/BUSY 


VOH 
Output High Voltage 
IOH= -400 IlA 
~ 
2.4 
V 
- 
.' 


Typ 
Max 
Units 
Conditions 


CIN 
I 
4 
6 
pF 
VIN = 0 V 


COUT 
I 
8 
12 
pF 
VOUT = 0 V 


AlmEL 


AlmEL 


AT28C17-15 
AT28C17-20 
AT28C17-25 


Symbol 
Parameter 
Min 
Max 
Min 
Max 
Min 
Max 
Units 


IAcc 
Address to Output Delay 
150 
200 
250 
ns 


tCE (1) 
CE to Output Delay 
150 
200 
250 
ns 


tOE (2) 
OE to Output Delay 
10 
70 
10 
80 
10 
100 
ns 
tDF (3,4) 
CE or OE High to Output Float 
0 
50 
0 
55 
0 
60 
ns 


tOH 
Output Hold from OE, CE or 
0 
0 
0 
ns 
Address, whichever 
occurred first 


OUTPUT 
VALID 


Notes: 
1. CE may be delayed 
up to tACC- leE after the address 
transition 


without 
impact 
on tACC. 


2. OE may be delayed 
up to leE - toE after the falling 
edge 


of CE without 
impact 
on leE or by tACC - toE after an address 


change 
without 
impact 
on tACC. 


3. 
tDF is specified 
from OE or CE whichever 
occurs 
first 


(CL=5pF). 


4. 
This parameter 
is characterized 
and is not 100% tested. 


Input Test Waveforms 
and 
Measurement 
Level 


< 


3.0V 
AC 
DRIVING 
LEVELS 
O.OV 


AC 
MEASUREMENT 
LEVEL 


Output Test Load 


5.0V 


1.SKl1 


OUTPUT 
PIN 


1.3K 
:!: 100pF 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 


tAs, tOEs 
Address, DE Set-up Time 
10 
ns 


tAH 
Address Hold Time 
50 
ns 


twp 
Write Pulse Width (WE or CE) 
100 
1000 
ns 


tDS 
Data Set-up Time 
50 
ns 


tDH,tOEH 
Data, DE Hold Time 
10 
ns 


tDS 
Time to Device Busy 
50 
ns 


Write Cycle Time 


AT28C17 
0.5 
1.0 
ms 
twe 


AT28C17EJF 
100 
200 
lJ.S • 


AlmEL 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 


tOH 
Data Hold Time 
10 
ns 


tOEH 
OEHoldTime 
10 
ns 


tOE 
OE to Output Delay 
100 
ns 


twR 
Write Recovery Time 
0 
ns 


Data Polling Waveforms 


WE 


AO-A10 
A_n_X 
An 
X 
An 


Is = tH = 11lS"C (min.) 
tw = 10 msec (min.) 
VH = 12.0 V ± 0.5 V 


VIH 


WE 
VIL 


r 
1.2 
m 
a 
I 
1.1 


I 
0.9 


C 
C 
0.8 


-55 


r 
1.0 
m 
a 
I 
0.9 
i 
z 
e 
0.8 


d 


I 
0.7 


C 
C 
0.5 
o 


060 


u 
ISO 


P 
u 
40 
I 


C 30 


u,20 
, 
e 
10 
n 
I 
0 
o 


NORMALIZED 
SUPPLY CURRENT 
vs. 


TEMPERATURE 


5 
35 
55 
Temperature 
(e) 


NORMALIZED 
SUPPLY CURRENT 
vs. 


ADDRESS 
FREQUENCY 


2 
3 
Frequency 
(MHz) 


OUTPUT 
SINK CURRENT 
vs. 


OUTPUT 
VOLTAGE 


2 
3 


Output Voltage (V) 


AlmEL 


m 
1.2 
a 
I 


I 
C 
C 
0.5 


4.SO 


N 
1.25 
o, 
m 
1.20 
a 
I 
i 
1.15 


z 
e 
1.10 


d 


I 
1.05 


A 
C 
C 1.00 
100 


NORMALIZED 
SUPPLY CURRENT 
vs. 


SUPPLY VOLTAGE 


4.75 
5.00 
5.25 


Supply Voltage (V) 


NORMALIZED 
ACCESS TIME vs. 


OUTPUT 
LOAD 


200 
300 


Output Load (pF) 


OUTPUT 
SOURCE 
CURRENT 
vs. 


OUTPUT 
VOLTAGE 
o 40 


u 
I 
P 30 
u 


u, 
, 
10 


e 
n 


t 
0 
o 
2 
3 


Output Voltage (V) 


• 
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tAcc 
Icc(mA) 
Ordering Code 
Package 
Operation Range 
(ns) 
Active 
Standby 


150 
30 
0.1 
AT28C17(E,F)-150C 
2806 
Commercial 


AT28C17(E,F)-15JC 
32J 
(DOCto 70°C) 


AT28C17(E,F)-15PC 
28P6 
AT28C17(E,F)-15SC 
28S 


150 
45 
0.1 
AT28C17(E,F)-1501 
2806 
Industrial 


AT28C17(E,F)-15JI 
32J 
(-40°C to 85°C) 


AT28C17(E,F)-15PI 
28P6 
AT28C17(E,F)-15SI 
28S 


AT28C17(E,F)-150M/883 
2806 
Military/883C 


AT28C17(E,F)-15LM/883 
32L 
Class B, Fully Compliant 
(-55°C to 125°C) 


200 
30 
0.1 
AT28C17(E,F)-200C 
2806 
Commercial 


AT28C17(E,F)-20JC 
32J 
(O°C to 70°C) 


AT28C17(E,F)-20PC 
28P6 
AT28C17(E,F)-20SC 
28S 


200 
45 
0.1 
AT28C17(E,F)-2001 
2806 
Industrial 


AT28C17(E,F)-20JI 
32J 
(-40°C to 85°C) 


AT28C17(E,F)-20PI 
28P6 
AT28C17(E,F)-20SI 
28S 


AT28C17(E,F)-200M/883 
2806 
Military/883C 


AT28C17(E,F)-20LM/883 
32L 
Class B, Fully Compliant 


(-55°C to 125°C) 


250 
30 
0.1 
AT28C17(E,F)-250C 
2806 
Commercial 


AT28C17(E,F)-25JC 
32J 
(O°C to 70°C) 


AT28C17(E,F)-25PC 
28P6 
AT28C17(E,F)-25SC 
28S 
AT28C17-W 
OlE 


250 
45 
0.1 
AT28C17(E,F)-2501 
2806 
Industrial 


AT28C17(E,F)-25JI 
32J 
(-40°C to 85°C) 


AT28C17(E,F)-25PI 
28P6 
AT28C17(E,F)-25SI 
28S 


AT28C17(E,F)-250M/883 
2806 
Military/883C 


AT28C17(E,F)-25LM/883 
32L 
Class B, Fully Compliant 


(-55°C to 125°C) 


Package Type 


2806 
28 Lead, 0.600· Wide, Non-Windowed, Ceramic Duallnline 
Package (Cerdip) 


32J 
32 Lead, Plastic J-Leaded Chip Carrier (PLCC) 


32L 
32 Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCG) 


28P6 
28 Lead, 0.600· Wide, Plastic Duallnline 
Package (PDIP) 


285 
28 Lead, 0.300· Wide, Plastic Gull Wing, Small Outline (SOIC) 


W 
Die 


Options 


Blank 
Standard Device: Endurance = 10K Write Cycles; Write Time = 1 ms 


E 
High Endurance Option: Endurance = lOOKWrite Cycles; Write Time = 200 ~s 


F 
Fast Write Option: Write Time = 200 ~s 


AlmEL 


• 


AlmEL 


Features 


• 
Fast Read Access Time· 
120 ns 
• 
Fast Byte Write - 200 ~ 
or 1 ms 
• 
Self-Timed 
Byte Write Cycle 
Internal Address and Data Latches 
Internal Control Timer 
Automatic 
Clear Before Write 
• 
Direct Microprocessor 
Control 
READY/BUSY 
Open Drain Output 
DATA Polling 
• 
Low Power 
30 mA Active Current 
100 lJA CMOS Standby Current 
• 
High Reliability 
Endurance: 
104 or 105 Cycles 
Data Retention: 
10 years 
• 
5 V ± 10"10 Supply 
• 
CMOS and TIL 
Compatible 
Inputs and Outputs 
• 
JEDEC Approved 
Byte-Wide Pinout 
• 
Full Military, Commercial, 
and Industrial Temperature 
Ranges 


Description 


The AT28C64 is a low-power, high-performance 
8,192 words x 8 bit nonvolatile Electrically 
Erasable and Programmable 
Read Only Memory with popular, easy to use features. The de- 
vice is manufactured 
with Atmel's reliable nonvolatile technology. 


The AT28C64 is accessed like a Static RAM for the read or write cycles without the need for 
external components. 
During a byte write, the address and data are latched internally, freeing 
the microprocessor 
address and data bus for other operations. 
Following 
the initiation of a 


(continued 
on next page) 


DE 
All 
A9 
M 
NC 
WE 
-- 
\lCC 
RDYIBUSY 
A'2 
A7 


A5 
"" 
KJ 
A4 


2 
1 
28 
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24 
23 
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7 
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17 
1413 
16 15 


Al0 
CE 
V07 
vooV06 
va. 
V03 
GND 
V02 
V01 
voo 
AO 


A2 


Pin Name 
Function 


AO-A12 
Addresses 


CE 
Chip Enable 


OE 
Output Enable 


WE 
Write Enable 


1/00-1107 
Data Inputs/Outputs 


ROY/BUSY 
Ready/Busy Output 


NC 
No Connect 


64K (8K X 8) 
CMOS 
E2pROM 


RDYtBUSY 
A7 
. 
VCC 
NC 
(orNe) 
28 
Y5<.C 
A12 NC Wi: 
A'2 
27 
WE 
• 
13 
3130 
A7 
26 
NC 
"" 
5 
29 
M 


"" 
25 
M 
A5 . 
28 
A9 
A5 
24 
A9 
A4 
7 
27 
All 
A4 
23 
A11 
KJ 
8 
26 ~ 
KJ 
22 
OE 
A2 • 
25 
DE 
A2 
21 
A'O 
A1 
10 
2. 
A'O 
A1 
20 
CE 
AO 
11 
23 
CE 
AO 
,. 
1107 
NC 
12 
22 
V07 
VOO 
18 
1106 
VOO 
13 
2' 
V06 
110' 
17 
110. 
14151617181920 
1102 
,. 
1104 
110', 
12NC345 
GNO 
15 
1103 
VSS 


- ROYI8USY 
(or NC) 


Note: PLCC package pins 1 and 
t7 an: DON'T CONNECT. 


AlmlL 
2·91 
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write cycle, the device will go to a busy state and automatically 
clear and write the latched data using an internal control timer. 
The device includes two methods for detecting the end of a write 
cycle, level detection ofRDY/BUSY 
(unless pin 1 is N.C.) and 
DATA polling of 1/07. Once the end of a write cycle has been 
detected, a new access for a read or write can begin. 


The CMOS technology offers fast access times of 1SO ns at low 
power dissipation. When the chip is deselected the standby cur- 
rent is less than 100 ~. 


OE 


WE 


CE 


ADDRESS 
[ 


INPUTS 


OE, CEANDWE 
LOGIC 


Absolute Maximum Ratings* 


Temperature 
Under Bias 
-55°C to +125°C 


Storage Temperature 
-65°C to +150oC 


All Input Voltages 
(including N.C. Pins) 
with Respect to Ground 
-0.6 V to +6.25 V 


All Output Voltages 
with Respect to Ground 
-0.6 V to Vcc +0.6 V 


Voltage on OE and A9 
with Respect to Ground 
-0.6 V to +13.5 V 


Atmel's 
28C64 has additional 
features to ensure high quality 
and manufacturability. 
The device utilizes error correction 
in- 
ternally for extended endurance and for improved data retention 
characteristics. 
An extra 32 bytes of E2PROM are available for 
device identification 
or tracking. 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 


mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Device Operation 


READ: 
The AT28C64 is accessed like a Static RAM. When 


CE and OE are low and WE is high, the data stored at the mem- 
ory location determined 
by the address pins is asserted on the 


outputs. The outputs are put in a high impedance state whenever 
CE or OE is high. This dual line control gives designers 
in- 
creased flexibility in preventing bus contention. 


BYTE WRITE: 
Writing data into the AT28C64 is similar to 


writing into a Static RAM. A low pulse on the WE or CE input 
with OE high and CE or WE low (respectively) 
initiates a byte 
write. The address location is latched on the falling edge of WE 
(or CE); the new data is latched on the rising edge. Internally, 
the device performs a self-clear before write. Once a byte write 
has been started, it will automatically 
time itself to completion. 


FAST BYTE WRITE: 
The AT28C64F 
offers a byte write 


time of 200 ).IS maximum. This feature allows the entire device 
to be rewritten in 1.6 seconds. 


READY/BUSY: 
Pin 1 is an open drain READY/BUSY 
out- 


put 
that can be used 
to detect 
the end of a write 
cycle. 
RDY/BUSY 
is actively pulled low during the write cycle and is 


released at the completion 
of the write. The open drain connec- 


tion 
allows 
for 
OR -tying 
of several 
devices 
to the same 


RDY/BUSY 
line. Pin 1 is not connected for the AT28C64X. 


DATA POLLING: 
The AT28C64 
provides 
DATA POLL- 
ING to signal the completion 
of a write cycle. During a write 
cycle, an attempted read of the data being written results in the 
2 


complement 
of that data for I/O? (the other outputs are indeter- 
minate). When the write cycle is finished, true data appears on 
all outputs. 


WRITE PROTECTION: 
Inadvertent 
writes to the device are 
protected against in the following ways. (a) Vcc sense--- if Vcc 
is below 3.8 V (typical) the write function is inhibited. (b) Vcc 
power on delay- 
once Vcc has reached 3.8 V the device will 
automatically 
time out 5 ms (typical) before allowing 
a byte 


write. (c) Write Inhibit- 
holding anyone 
of OE low, CE high 
or WE high inhibits byte write cycles. 


CHIP 
CLEAR: 
The contents 
of the entire 
memory 
of the 
AT28C64 
may be set to the high state by the CHIP CLEAR 
operation. 
By setting CE low and OE to 12 volts, the chip is 


cleared when a 10 msec low pulse is applied to WE. 


DEVICE IDENTIFICATION: 
An extra 32 bytes ofE2PROM 


memory are available to the user for device identification. 
By 


raising A9 to 12 ± 0.5 V and using address locations 
lFEOH to 


IFFFH the additional bytes may be written to or read from in the 
same manner as the regular memory array. 


Typ 
Max 
Units 
Conditions 


CIN 
I 
4 
6 
pF 
VIN =0 
V 


COUT 
I 
8 
12 
pF 
VOUT = 0 V 


AlmEL 


AlmEL 


AT28C64-12 
AT28C64-15 
AT28C64-20 
AT28C64-25 


Com. 
OOC- 70°C 
OOC- 70°C 
OOC- 70°C 
OOC- 70°C 


Operating 
Ind. 
-40°C - 85°C 
-40°C - 85°C 
-40°C - 85°C 
-40°C - 85°C 
Temperature 
(Case) 


Mil. 
-55°C - 125°C 
-55°C - 125°C 
-55°C - 125°C 
-55°C - 125°C 


Vcc Power Supply 
5 V± 
10% 
5 V± 
10% 
5 V± 10% 
5 V± 
10% 


Mode 
CE 
OE 
WE 
I/O 


Read 
VIL 
VIL 
VIH 
DOUT 


Write(2) 
VIL 
VIH 
VIL 
DIN 


StandbylWrite 
Inhibit 
VIH 
X(1) 
X 
HighZ 


Write Inhibit 
X 
X 
VIH 


Write Inhibit 
X 
VIL 
X 


Output Disable 
X 
V,H 
X 
HighZ 


Chip Erase 
VIL 
VH (3) 
VIL 
HighZ 
Notes: 
1. X can be VILor Vm. 
2. Refer to A.C. Programming Waveforms. 


Symbol 
Parameter 
Condition 
Min 
Max 
Units 


III 
Input Load Current 
VIN = 0 V to Vcc + 1 V 
10 
JlA 


ILO 
Output Leakage Current 
Vilo = 0 V to Vcc 
10 
JlA 


ISBI 
Vcc Standby Current CMOS 
CE = Vcc-0.3 
V to Vcc + 1.0 V 
100 
JlA 


ISB2 
Vcc Standby Current TIL 
CE = 2.0 V to Vcc + 1.0 V 
Com. 
2 
mA 


Ind., Mil. 
3 
mA 


Icc 
Vcc Active Current A.C. 
I = 5 MHz; lOUT= 0 mA 
Com. 
30 
mA 


CE = VIL 
Ind., Mil. 
45 
mA 


V,L 
Input Low Voltage 
0.8 
V 


VIH 
Input High Voltage 
2.0 
V 


VOL 
Output Low Voltage 
Im= 
2.1 mA 
.45 
V 
= 4.0 mA lor RDY/BUSY 


VOH 
Output High Voltage 
IOH= -400 IlA 
2.4 
V 


AT28C64-12 
AT28C64-15 
AT28C64-20 
AT28C64-25 


Symbol 
Parameter 
Min 
Max 
Min 
Max 
Min 
Max 
Min 
Max 
Units 


lAcc 
Address 
to Output 
Delay 
120 
150 
200 
250 
ns 


tCE (1) 
CE to Output 
Delay 
120 
150 
200 
250 
ns 


tOE (2) 
OE to Output 
Delay 
10 
60 
10 
70 
10 
80 
10 
100 
ns 


tOF (3,4) 
CE or OE High to Output 
Float 
0 
45 
0 
50 
0 
55 
0 
60 
ns 


tOH 
Output 
Hold from 
OE, CE or 
0 
0 
0 
0 
ns 
Address, 
whichever 
occurred 
first 
• 


teE 


tOE 


tDf 


tOH 


OUTPUT 
VALID 


Notes: 
1. CE may be delayed 
up to tACC- teE after the address 
transition 


without 
impact 
on tACC. 
2. OE may be delayed 
up to teE - toE after the falling 
edge 
of CE without 
impact 
on teE or by tACC - toE after an address 
change 
without 
impact 
on tACC. 


3. 
tDF is specified 
from OE or CE whichever 
occurs 
first 
(CL = 5 pF). 


4. 
This parameter 
is characterized 
and is not 100% tested. 


< 


3.0V 
AC 


DRIVING 
LEVELS 


O.OV 


AC 
MEASUREMENT 
LEVEL 


Output Test Load 


5.0V 
1.811 
OUTPUT 
PIN 


1.3K 
:!:100pF 


Input Test Waveforms 
and 
Measurement 
Level 


ABEL 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 


IAs. tOES 
Address. OE Set-up Time 
10 
ns 


tAH 
Address Hold Time 
50 
ns 


twp 
Write Pulse Width (WE or CE) 
100 
1000 
ns 


tos 
Data Set-up Time 
50 
ns 


tOH.tOEH 
Data, OE Hold Time 
10 
ns 


tOB 
Time to Device Busy 
50 
ns 


Write Cycle Time 
AT28C64 
0.5 
1.0 
ms 


twc 
AT28C64E1F 
100 
200 
~s 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 


tOH 
Data Hold Time 
10 
ns 


tOEH 
OE Hold Time 
10 
ns 


tOE 
OE to Output Delay 
100 
ns 


tWR 
Write Recovery Time 
0 
ns • 


Data Polling Waveforms 


WE 


IS = IH = 1 f1S"C 
(min.) 
Iw = 10 msec (min.) 
YH=12.0Y± 
O.SY 


VIH 


WE 
VIL 
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o 
r 
m 
1.2 
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NORMALIZED 
SUPPLY 
CURRENT vs. 


SUPPLY VOLTAGE 
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Output Load (pF) 


OUTPUT 
SOURCE 
CURRENT 
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Output Voltage (V) 


lAcc 
Icc(mA) 
Ordering Code 
Package 
Operation Range 
(ns) 
Active 
Standby 


120 
30 
0.1 
AT28C64(E,F)-120C 
2806 
Commercial 
AT28C64(E,F)-12JC 
32J 
(O°C to 70°C) 


AT28C64(E,F)-12PC 
28P6 
AT28C64(E,F)-128C 
288 


120 
45 
0.1 
AT28C64(E,F)-1201 
2806 
Industrial 


AT28C64(E,F)-12JI 
32J 
(-40°C to 85°C) 


AT28C64(E,F)-12PI 
28P6 
AT28C64(E,F)-1281 
288 


AT28C64(E,F)-120M/883 
2806 
Military/883C 
AT28C64(E,F)-12FM/883 
28F 
Class S, Fully Compliant 
AT28C64(E,F)-12LM/883 
32L 
(-55°C to 125°C) 


150 
30 
0.1 
AT28C64(E,F)-150C 
2806 
Commercial 
AT28C64(E,F)-15JC 
32J 
(O°C to 70°C) 


AT28C64(E,F)-15PC 
28P6 
AT28C64(E,F)-158C 
288 
AT28C64(E,F)-15TC 
28T 


150 
45 
0.1 
AT28C64(E,F)-1501 
2806 
Industrial 
AT28C64(E,F)-15JI 
32J 
(-40°C to 85°C) 


AT28C64(E,F)-15PI 
28P6 
AT28C64(E,F)-15SI 
288 
AT28C64(E,F)-15TI 
28T 


AT28C64(E,F)-150M/883 
2806 
Military/883C 
AT28C64(E,F)-15FM/883 
28F 
Class S, Fully Compliant 
AT28C64(E,F)-15LM/883 
32L 
(-55°C to 125°C) 


200 
30 
0.1 
AT28C64( E,F)-200C 
2806 
Commercial 


AT28C64(E,F)-20JC 
32J 
(O°C to 70°C) 
AT28C64(E,F)-20PC 
28P6 
AT28C64(E,F)-20SC 
288 


200 
45 
0.1 
AT28C64(E,F)-2001 
2806 
Industrial 
AT28C64(E,F)-20JI 
32J 
(-40°C to 85°C) 


AT28C64(E,F)-20PI 
28P6 
AT28C64(E,F)-2081 
288 


AT28C64(E,F)-200M/883 
2806 
Military/883C 
AT28C64(E,F)-20FM/883 
28F 
Class S, Fully Compliant 
AT28C64(E,F)-20LM/883 
32L 
(-55°C to 125°C) 


250 
30 
0.1 
AT28C64(E,F)-250C 
2806 
Commercial 
AT28C64(E,F)-25JC 
32J 
(O°C to 70°C) 


AT28C64(E,F)-25PC 
28P6 
AT28C64(E,F)-258C 
288 
AT28C64-W 
DIE 


250 
45 
0.1 
AT28C64(E,F)-2501 
2806 
Industrial 


AT28C64( E,F)-25J I 
32J 
(-40°C to 85°C) 


AT28C64(E,F)-25PI 
28P6 
AT28C64(E,F)-2581 
288 


• 


AlmEL 


AlmEl 


tACC 
Icc(mA) 
Ordering Code 
Package 
Operation 
Range 
(ns) 
Active 
Standby 


250 
45 
0.1 
AT28C64(E,F)-250M/883 
2806 
Military/883C 


AT28C64(E,F)-25FM/883 
28F 
Class B, Fully Compliant 


AT28C64(E, F)-25LM/883 
32L 
(-55°C to 125°C) 


300(1) 
45 
0.1 
AT28C64(E,F)-300M/883 
2806 
Military/883C 


AT28C64(E,F)-30FM/883 
28F 
Class B, Fully Compliant 
AT28C64( E,F)-30LM/883 
32L 
(-55°C to 125°C) 


35dt) 
45 
0.1 
AT28C64( E,F)-350M/883 
2806 
Military/883C 


AT28C64(E,F)-35FM/883 
28F 
Class B, Fully Compliant 


AT28C64( E,F)-35LM/883 
32L 
(-55°C to 125°C) 


150 
45 
0.1 
5962-8751417 
XX 
2806 
Military/883C 


5962-8751417YX 
32L 
Class B, Fully Compliant 


(-55°C to 125°C) 


200 
45 
0.1 
5962-8751416 
XX 
2806 
Military/883C 


5962-8751416 
YX 
32L 
Class B, Fully Compliant 


(-55°C to 125°C) 


250 
45 
0.1 
5962-8751415 
XX 
2806 
Military/883C 


5962-8751415 
YX 
32L 
Class B, Fully Compliant 


5962-8751415 
ZX 
28F 
(-55°C to 125°C) 


300(1) 
45 
0.1 
5962-8751414 
XX 
2806 
Military/883C 


5962-8751414 
YX 
32L 
Class B, Fully Compliant 


(-55°C to 125°C) 


350(1) 
45 
0.1 
5962-8751413 
XX 
2806 
Military/883C 


5962-8751413 
YX 
32L 
Class B, Fully Compliant 


5962-8751413 
ZX 
28F 
(-55°C to 125°C) 


Package Type 


2806 
28 Lead, 0.600· Wide, Non-Windowed, Ceramic Ouallnline Package (Cerdip) 


28F 
28 Lead, Non-Windowed, Ceramic Bottom-Brazed Flat Package (Flatpack) 


32J 
32 Lead, Plastic J-Leaded Chip Carrier (PLCC) 


32L 
32 Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC) 


28P6 
28 Lead, 0.600· Wide, Plastic Dual Inline Package (PDIP) 


285 
28 Lead, 0.300· Wide, Plastic Gull Wing, Small Outline (SOIC) 


28T 
28 Lead, Plastic Thin Small Outline Package (TSOP) 


W 
Die 


Options 


Blank 
Standard Device: Endurance = 10K Write Cycles; Write Time = 1 ms 


E 
High Endurance Option: Endurance = 100K Write Cycles; Write Time = 200 fJ.s 


F 
Fast Write Option: Write Time = 200 fJ.s 


lAce 
Ice (mA) 
Ordering Code 
Package 
Operation 
Range 
(ns) 
Active 
Standby 


150 
30 
0.1 
AT28C64X-15DC 
28D6 
Commercial 


AT28C64X-15FC 
28F 
(DOCto 70°C) 


AT28C64X-15JC 
32J 
AT28C64X-15PC 
28P6 
AT28C64X-15SC 
28S 


150 
45 
0.1 
AT28C64X-15DI 
28D6 
Industrial 


AT28C64X-15FI 
28F 
HO°C 
to 85°C) 


AT28C64X-15JI 
32J 
AT28C64X-15PI 
28P6 
AT28C64X-15SI 
28S 


AT28C64X-15DM/883 
28D6 
Military/883C 


AT28C64X-15FM/883 
28F 
Class S, Fully Compliant 


AT28C64X-15LM/883 
32L 
(-55°C to 125°C) 


200 
30 
0.1 
AT28C64X-20DC 
28D6 
Commercial 


AT28C64X-20FC 
28F 
(O°C to 70°C) 


AT28C64X-20JC 
32J 
AT28C64X-20PC 
28P6 
AT28C64X-20SC 
28S 


200 
45 
0.1 
AT28C64X-20DI 
28D6 
Industrial 


AT28C64X-20FI 
28F 
(-40°C to 85°C) 


AT28C64X-20JI 
32J 
AT28C64X-20PI 
28P6 
AT28C64X-20SI 
28S 


AT28C64X-20DM/883 
28D6 
Military/883C 


AT28C64X-20FM/883 
28F 
Class S, Fully Compliant 


AT28C64X-20LM/883 
32L 
(-55°C to 125°C) 


250 
30 
0.1 
AT28C64X-25DC 
28D6 
Commercial 


AT28C64X-25FC 
28F 
(O°C to 70°C) 


AT28C64X-25JC 
32J 
AT28C64X-25PC 
28P6 
AT28C64X-25SC 
28S 


250 
45 
0.1 
AT28C64X-25DI 
28D6 
Industrial 


AT28C64X-25FI 
28F 
(-40°C to 85°C) 


AT28C64X-25JI 
32J 
AT28C64X-25PI 
28P6 
AT28C64X-25SI 
28S 


AT28C64X-25DM/883 
28D6 
Military/883C 


AT28C64X-25FM/883 
28F 
Class S, Fully Compliant 


AT28C64X -25LM/883 
32L 
(-55°C to 125°C) 


300 
45 
0.1 
AT28C64X-30DM/883 
28D6 
Military/883C 


AT28C64X -30FM/883 
28F 
Class S, Fully Compliant 


AT28C64X -30LM/883 
32L 
(-55°C to 125°C) 


350 
45 
0.1 
AT28C64X-35DM/883 
28D6 
Military/883C 


AT28C64X-35FM/883 
28F 
Class S, Fully Compliant 


AT28C64X -35LM/883 
32L 
(-55°C to 125°C) 
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Aliiiii: 


AlmEL 


tACC 
Icc(mA) 
Ordering Code 
Package 
Operation 
Range 
(ns) 
Active 
Standby 


150 
45 
0.1 
5962-8751422 
XX 
2806 
Military/883C 


5962-8751422 
YX 
32L 
Class B, Fully Compliant 


(-55°C to 125°C) 


200 
45 
0.1 
5962-8751421 
XX 
2806 
Military/883C 


5962-8751421 
YX 
32L 
Class B, Fully Compliant 


(-55°C to 125°C) 


250 
45 
0.1 
5962-8751420 
XX 
2806 
Military/883C 


5962-8751420 
YX 
32L 
Class B, Fully Compliant 


5962-8751420 
ZX 
28F 
(-55°C to 125°C) 


300 
45 
0.1 
5962-8751419 
XX 
2806 
Military/883C 


5962-8751419 
YX 
32L 
Class B, Fully Compliant 


(-55°C to 125°C) 


350 
45 
0.1 
5962-8751418 
XX 
2806 
Military/883C 


5962-8751418 
YX 
32L 
Class B, Fully Compliant 


(-55°C to 125°C) 


Package Type 


2806 
28 Lead, 0.600' Wide, Non-Windowed, Ceramic Ouallnline Package (Cerdip) 


28F 
28 Lead, Non-Windowed, Ceramic Bottom-Brazed Flat Package (Flatpack) 


32J 
32 Lead, Plastic J-Leaded Chip Carrier (PLCC) 


32L 
32 Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC) 


28P6 
28 Lead, 0.600' Wide Plastic Dual Inline Package (PDIP) 


285 
28 Lead, 0.300' Wide, Plastic Gull Wing Small Outline (SOIC) 


NC 
1 
28 
VCC 
A7 
NC VCC 
NC 


A12 
2 
27 
WE 
A12 
NC 
'WE' 


A7 
3 
26 
NC 
• 
13 
313 
N; 
• 
25 
AS 
N; 
5 
29 
AS 


AS 
5 
2. 
M 
AS • 
28 
M 
A4 
• 
23 
All 
A4 
7 
27 
All 


A3 
7 
22 
OE 
A3 
8 
26 
NC 


A2 
8 
21 
A10 
A2 • 
25 
OE 


A1 
• 
20 
CE 
A1 
10 
2' 
Al0 


AO 
10 
" 
1107 
AO 
11 
23 
BE 


1100 
11 
18 
110. 
NC 
12 
22 
1107 


1101 
12 
17 
1105 
1100 
13 
21 
IJ06 


1102 
13 
I. 
110. 
14151617181920 


GND ,. 
15 
1103 
110', 
12 
NC345 
GND 


NOle: 
PLCC 
package 
pins 
1 and 


17 are DON'T 
CONNECT, 


AlmEL 
2-103 


Features 


• 
Fast Read Access Time - 55 ns 


• 
Automatic 
Page Write Operation 


Internal Address and Data Latches for 32 Bytes 
Internal Control Timer 


• 
Fast Write Cycle Times 


Maximum 
Page Write Cycle Time: 2 ms 


1 to 32 Byte Page Write Operation 


• 
Low Power Dissipation 


80 mA Active Current 
1oo)lA CMOS Standby Current (28HC64L) 


• 
Direct Microprocessor 
Control 
DATA Polling 


• 
High Reliability CMOS Technology 


Endurance: 
104 or 105 Cycles 


Data Retention: 
10 years 


• 
Single 5 V ± 10"k Supply 


• 
CMOS and TTL Compatible 
Inputs and Outputs 


• 
JEDEC Approved 
Byte-Wide Pinout 


• 
Full Military, Commercial, 
and Industrial Temperature 
Ranges 


Description 


The AT28HC64/L 
is a high-speed, low-power Electrically Erasable and Programmable 
Read 
Only Memory. lIS 64K of memory is organized as 8,192 words by 8 bilS, Manufactured 
with 


Almel's advanced nonvolatile CMOS technology, the device offers access times to 55 ns with 
power dissipation of just 44OmW. When the device is deselected the standby current is less 
than 100 ~A. 


The AT28HC64/L 
is accessed like a Static RAM for the read or write cycles without the need 
for external componenlS. The device contains a 32-byte page register to allow writing of up to 
32 bytes simultaneously. 
During a write cycle, the addresses and 1 to 32 bytes of data are 
(continued on next page) 
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Pin Name 
Function 


AO-A12 
Addresses 


CE 
Chip Enable 


OE 
Output Enable 


WE 
Write Enable 


1/00-1/07 
Data Inputs/Outputs 


NC 
No Connect 


• 
64K (8K X 8) 
High Speed 
CMOS 
E2pROM 


AlmEl 


Description 
(Continued) 


internally latched, freeing the address and data bus for other op- 
erations. Following 
the initiation 
of a write cycle, the device 
will automatically 
write the latched data using an internal con- 


trol timer. The end of a write cycle can be detected by DATA 
polling of 1/07. Once the end of a write cycle has been detected 
a new access for a read or write can begin. 


OE 


WE 
CE 


ADDRESS 
[ 


INPUTS 


OE,CEANDWE 
LOGIC 


Absolute Maximum Ratings· 


Temperature 
Under Bias 
-55°C to +125°C 


Storage Temperature 
-65°C to +150°C 


All Input Voltages 
(including N.C. Pins) 
with Respect to Ground 
-0.6 V to +6.25 V 


All Output Voltages 
with Respect to Ground 
-0.6 V to Vcc +0.6 V 


Voltage on OE and A9 
with Respect to Ground 
-0.6 V to +13.5 V 


Atmel's 28HC64/L has additional features to ensure high qual- 
ity and manufacturability. 
The device utilizes internal error cor- 


rection 
for extended 
endurance 
and improved 
data retention 


characteristics. 
The AT28HC64/L 
also includes 
an extra 32 


bytes of E2PROM for device identification 
or tracking. 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 


mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational scctions of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Device Operation 


READ: The AT28HC64 
is accessed like a Static RAM. When 
CE and OE are low and WE is high, the data stored at the mem- 
ory location detennined 
by the address pins is asserted on the 
outputs. The outputs are put in the high impedance state when 
either CE or OE is high. This dual-line control gives designers 
flexibility in preventing bus contention in their system. 


BYTE WRITE: A low pulse on the WE or CE input with CE or 
WE low (respectively) 
and OE high initiates a write cycle. The 
address is latched on the falling edge of CE or WE, whichever 
occurs last. The data is latched by the first rising edge of CE or 
WE. Once a byte write has been started it will automatically 
time itself to completion. 


PAGE WRITE: The page write operation of the AT28HC64 al- 
lows one to thirty-two bytes of data to be written into the device 
during a single internal programming 
period. A page write op- 
eration is initiated in the same manner as a byte write; the first 
byte written can then be followed by one to thirty-one additional 
bytes. Each successive 
byte must be written 
within 
ISO J.lS 
(tBLc) of the previous 
byte. If the tBLC limit is exceeded 
the 
AT28HC64 will cease accepting data and commence the inter- 
nal programming 
operation. All bytes during a page write oper- 


ation must reside on the same page as defined by the state of the 
A5-Al2 
inputs. For each WE high to low transition during the 
page write operation, AS - AI2 must be the same. 


The AO to A4 inputs are used to specify which bytes within the 
page are to be written. The bytes may be loaded in any order and 
may be altered within the same load period. Only bytes which 
are specified for writing will be written; unnecessary cycling of 
other bytes within the page does not occur. 


DATA POLLING: 
The AT28HC64 features DATA Polling to 
indicate the end of a write cycle. During a byte or page write 
cycle an attempted read of the last byte written will result in the 
complement 
of the written data to be presented on 1/07. Once 
the write cycle has been completed, true data is valid on all out- 
puts, and the next write cycle may begin. DATA Polling may 
begin at anytime during the write cycle. 


TOGGLE 
BIT: In addition 
to DATA Polling the AT28HC64 


provides 
another 
method 
for detennining 
the end of a write 


cycle. During the write operation, 
successive 
attempts to read 
data from the device will result in 1/06 toggling between one 
and zero. Once the write has completed, 1/06 will stop toggling 
and valid data will be read. Reading the toggle bit may begin at 
any time during the write cycle. 


DATA PROTECTION: 
If precautions are not taken, inadvertent 
writes to the AT28HC64 
may occur during transitions 
of the 


host system power supply. Atrnel has incorporated 
the follow- 
ing features that will protect the memory against inadvertent 
writes. 


HARDWARE 
PROTECTION: 
Hardware 
features 
protect 
against inadvertent 
writes to the AT28HC64 
in the following 
ways: (a) Vcc sense - if Vcc is below 3.8 V (typical) the write 
function is inhibited; (b) Vcc power-on delay - once Vcc has 
reached 3.8 V the device will automatically 
time out 5 ms (typ- 
ical) before allowing a write: (c) write inhibit - holding anyone 
of OE low, CE high or WE high inhibits write cycles; (d) noise 
filter - pulses ofless than IS ns (typical) on the WE or CE inputs 
will not initiate a write cycle. 


CHIP 
CLEAR: 
The contents 
of the entire 
memory 
of the 


AT28HC64 
may be set to the high state (erased) by the use of 
the CHIP CLEAR operation. By setting CE low and OE to 12 
volts. the chip is cleared when a 10ms low pulse is applied to the 
WE pin. 


DEVICE IDENTIFlCA TION: An extra 32 bytes of E2PROM 
memory are available to the user for device identification. 
By 


raising A9 to 12 V ± 0.5 V and using address locations 
lFEOH 
to IFFFH the additional bytes may be written to or read from in 
the same manner as the regular memory array. 


• 


Typ 
Max 
Units 
Conditions 


CIN 
I 
4 
6 
pF 
VIN = 0 V 


COUT 
I 
8 
12 
pF 
VOUT = 0 V 


AlmEL 


AlmEL 


AT28HC64-55 
AT28HC64L-70 
AT28HC64-70 
AT28HC64/L-90 
AT28HC64/L-12 


Operating 
Com. 
OOC-70°C 
OOC-70°C 
OOC-70cC 
OOC-70°C 
OOC-70°C 


Temperature 
Ind. 
-40°C - 85°C 
-40°C - 85°C 
-40°C - 85°C 
-40°C - 85°C 
-40°C - 85°C 
(Case) 
Mil. 
-55°C - 125°C 
-55°C - 125°C 
-55°C - 125°C 


Vee Power Supply 
5 V± 10% 
5 V± 10% 
5 V± 
10% 
5 V± 10% 
5 V± 10% 


Mode 
CE 
OE 
WE 
I/O 


Read 
VIL 
VIL 
VIH 
DOUT 


Write(2) 
VIL 
VIH 
VIL 
DIN 


StandbylWrite 
Inhibit 
VIH 
X(1) 
I 
X 
HighZ 


Write Inhibit 
X 
X 
VIH 


Write Inhibit 
X 
VIL 
X 


Output Disable 
X 
VIH 
X 
HighZ 


Chip Erase 
VIL 
VH (3) 
VIL 
HighZ 
Notes: 
I. X can be VII. or Vrn. 
2. Refer to A.c. Programming Waveforms. 


Symbol 
Parameter 
Condition 
Mln 
Max 
Units 


III 
Input Load Current 
VIN = 0 V to Vee + 1V 
10 
l!A 


ILO 
Output Leakage Current 
VI/O = 0 V to Vee 
10 
l!A 


IS81 
Vee Standby Current CMOS 
CE = Vee-0.3 V to Vee + 1 V 
Com., Ind. 
100 
l!A 


AT28HC64L 
Mil. 
200 
l!A 


AT28HC64L 
, 


3 
mA 
IS82 
Vee Standby Current TIL 
CE = 2.0 V to Vee + 1 V 
AT28HC64 
60 
mA 


Ice 
Vee Active Current 
f = 10 MHz; lOUT= 0 mA 
80 
mA 


VIL 
Input Low Voltage 
0.8 
V 


VIH 
Input High Voltage 
2.0 
V 


VOL 
Output Low Voltage 
IOL= 4 mA 
.4 
V 


VOH 
Output High Voltage 
IOH= -4.0 mA 
2.4 
V 


AT28HC64 
AT28HC64/L 
AT28HC64/L 
AT28HC64L 


-55 
-70 
-90 
-12 


Symbol 
Parameter 
Min 
Max 
Min 
Max 
Min 
Max 
Min 
Max 
Units 


tACC 
Address 
to Output 
Delay 
55 
70 
90 
120 
ns 


tCE (2) 
CE to Output 
Delay 
55 
70 
90 
120 
ns 


tOE (3) 
OE to Output 
Delay 
0 
30 
0 
35 
0 
40 
0 
50 
ns 


tOF (4,5) 
OE to Output 
Float 
0 
30 
0 
35 
0 
40 
0 
50 
ns 


tOH 
Output 
Hold from OE, CE or 
0 
0 
0 
0 
ns 
Address, 
whichever 
occurred 
first 


tCE 
tOE 


tDF 


tOH 


OUTPUT 
VALID 


Notes: 
1. CL= 30pF. 
2. CE may be delayed up to tACC- teE after the address transition 


without impact on tACC. 


3. OE may be delayed up to teE - toE after the falling edge 
of CE without impact on teE or by tACC- toE after an address 
change without impact on tACe. 


4. tDFis specified from OE or CE whichever occurs first 
(CL= 
5 pF). 


5. This parameter is characterized and is not 100% tested. 


Input Test Waveforms 
and 
Measurement 
Level 
Output Test Load 


5.0V 


33011 


OUTPUT 
PIN 


200 
~30PF 
< 


3.0V 
AC 


DRIVING 
LEVELS 


O.OV 


AC 
MEASUREMENT 
LEVEL 
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Symbol 
Parameter 
Mln 
Typ 
Max 
Units 


tAS, tOES 
Address, DE Set-up Time 
0 
ns 


lAH 
Address Hold Time 
50 
ns 


tcs 
Chip Select Set-up Time 
0 
ns 


tCH 
Chip Select Hold Time 
0 
ns 


twp 
Write Pulse Width (WE or CEl 
100 
1000 
ns 


tos 
Data Set-up Time 
50 
ns 


tDH,tOEH 
Data, DE Hold Time 
0 
ns 


tDV 
Time to Data Valid 
1 
lis 


twc 
Write Cycle Time 
1.0 
2.0 
ms 


WE 
tCH 


CE 


tWP 


tDV 
IDS 
tDH 
DATA 
IN 


tWC 


2-108 
AT28HC64/L 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 


twc 
Write Cycle Time 
1 
2.0 
ms 


tAS 
Address Set-up Time 
0 
ns 


tAH 
Address Hold Time 
50 
ns 


tDS 
Data Set-up Time 
50 
ns 


tDH 
Data Hold Time 
0 
ns 


twp 
Write Pulse Width 
100 
1000 
ns 


tSLC 
By1e Load Cycle Time 
150 
ns 


tPLW 
Page Load Width 
150 
Jls 


tWPH 
Write Pulse Width High 
50 
ns • 


;: 


;: 


BYTE 
3 
tPLW 
~--------- 
tWC 


x__ ~:~ 


Notes: 
A5 through 
A12 must specify the same page address during each 


high to low transition 
of WE (or CE). 
OE must be high only when WE and CE are both low. 


IS = tH = 1 !'See (min.) 
tw = 10 msec (min.) 
YH= 
12.0 Y± 
0.5 Y 


VIH 


WE 
VIL 
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Symbol 
Parameter 
Min 
Typ 
Max 
Units 


tOH 
Data Hold Time 
0 
ns 


tOEH 
OE Hold Time 
0 
ns 


tOE 
OE to Output Delay 
50 
ns 


twR 
Write Recovery Time 
0 
ns 


Data Polling Waveforms 


WE 


AO-A12 
A_n~X 
An 
X 
An 
~ 


N 
1.3 


a 


r 
1.2 
m 
a 
11.1 
i 
ze 
1.0 


d 


I 
0.9 


C 
C 
0.8 


-55 


r 
1.0 
m 
a 
1 
0.9 
i 
z 
e 
0.8 


d 


1 
0.7 


C 
C 
0.6 
o 


NORMALIZED 
SUPPLY CURRENT 
vs. 


TEMPERATURE 


5 
35 
65 
Temperature 
(C) 


NORMALIZED 
SUPPLY CURRENT 
vs. 


ADDRESS FREQUENCY 


6 


Frequency 
(MHz) 


NORMALIZED 
SUPPLY CURRENT 
vs. 


SUPPLY VOLTAGE 


a 
r 
m 
1.2 
a 
I 


I 
C 
C 
0.6 


4.50 
4.75 
5.00 
5.25 


Supply Voltage (V) • 
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fAce 
Icc(mA) 
Ordering Code 
Package 
Operation 
Range 
(ns) 
Active 
Standby 


55 
80 
60 
AT28HC64(E)-550C 
2806 
Commercial 


AT28HC64(E)-55JC 
32J 
(O°C to 70°C) 


AT28HC64(E)-55PC 
28P6 


AT28HC64(E)-5501 
2806 
Industrial 
AT28HC64(E)-55JI 
32J 
(-40°C to 85°C) 


AT28HC64(E)-55PI 
28P6 


70 
80 
60 
AT28HC64(E)-700C 
2806 
Commercial 


AT28HC64(E)-70JC 
32J 
(O°C to 70°C) 


AT28HC64(E)-70PC 
28P6 


AT28HC64(E)-7001 
2806 
Industrial 
AT28HC64(E)-70JI 
32J 
(-40°C to 85°C) 


AT28HC64(E)-70PI 
28P6 


AT28HC64(E)-700M/883 
2806 
Military/883C 


AT28HC64(E)-70LM/883 
32L 
Class B, Fully Compliant 


(-55°C to 125°C) 


90 
80 
60 
AT28HC64(E)-900C 
2806 
Commercial 


AT28HC64(E)-90JC 
32J 
(O°C to 70°C) 


AT28HC64(E)-90PC 
28P6 
AT28HC64(E)-90TC 
28T 


AT28HC64(E)-9001 
2806 
Industrial 


AT28HC64(E)-90JI 
32J 
(-40°C to 85°C) 


AT28HC64(E)-90PI 
28P6 
AT28HC64(E)-90TI 
28T 


AT28HC64(E)-90DM/883 
2806 
Military/883C 


AT28HC64(E)-90LM/883 
32L 
Class B, Fully Compliant 


(-55°C to 125°C) 


120 
80 
60 
AT28HC64(E)-12DC 
2806 
Commercial 


AT28HC64(E)-12JC 
32J 
(O°C to 70°C) 


AT28HC64(E)-12PC 
28P6 


AT28HC64(E)-1201 
2806 
Industrial 


AT28HC64(E)-12JI 
32J 
(-40°C to 85°C) 


AT28HC64(E)-12PI 
28P6 


AT28HC64(E)-120M/883 
2806 
Military/883C 


AT28HC64(E)-12LM/883 
32L 
Class B, Fully Compliant 
(-55°C to 125°C) 


Package Type 


2806 
28 Lead, 0.600· Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip) 


32J 
32 Lead, Plastic J-Leaded Chip Carrier (PLCC) 


32L 
32 Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC) 


28P6 
28 Lead, 0.600· Wide, Plastic Ouallnline Package (POIP) 


28T 
28 Lead, Plastic Thin Small Outline Package (TSOP) 


Options 


Blank 
Standard Device: Endurance = 10K Write Cycles; Write Time = 2 ms 


E 
High Endurance Option: Endurance = 100K Write Cycles 


IAcc 
ICC(mA) 
Ordering Code 
Package 
Operation Range 
(ns) 
Active 
Standby 


70 
80 
0.1 
AT28HC64L(E)-700C 
2806 
Commercial 
AT28HC64L(E)-70JC 
32J 
(O°C to 70°C) 
AT28HC64L(E)-70PC 
28P6 


AT28HC64L(E)-7001 
2806 
Industrial 
AT28HC64L(E)-70JI 
32J 
(-40°C to 85°C) 
AT28HC64L(E)-70PI 
28P6 


90 
80 
0.1 
AT28HC64L(E)-900C 
2806 
Commercial 
AT28HC64L( E)-90JC 
32J 
(O°C to 70°C) 
AT28HC64L(E)-90PC 
28P6 


AT28HC64L(E)-9001 
2806 
Industrial 
AT28HC64L(E)-90JI 
32J 
(-40°C to 85°C) 
AT28HC64L(E)-90PI 
28P6 


90 
80 
0.2 
AT28HC64L( E)-900M/883 
2806 
Military/883C 
AT28HC64L(E)-90LM/883 
32L 
Class B, Fully Compliant 
(-55°C to 125°C) 


120 
80 
0.1 
AT28HC64L(E)-120C 
2806 
Commercial 
AT28HC64L(E)-12JC 
32J 
(O°C to 70°C) 
AT28HC64L(E)-12PC 
28P6 
AT28HC64L-W 
OlE 


AT28HC64L(E)-1201 
2806 
Industrial 
AT28HC64L(E)-12JI 
32J 
(-40°C to 85°C) 
AT28HC64L(E)-12PI 
28P6 


120 
80 
0.2 
AT28HC64L(E)-120M/883 
2806 
Military/883C 
AT28HC64L(E)-12LM/883 
32L 
Class B, Fully Compliant 
(-55°C to 125°C) 


70 
80 
0.2 
5962-8751412 
XX 
2806 
Military/883C 
5962-8751412 
YX 
32L 
Class B, Fully Compliant 
(-55°C to 125°C) 


90 
80 
0.2 
5962-8751411 
XX 
2806 
Military/883C 
5962-8751411 
YX 
32L 
Class B, Fully Compliant 
(-55°C to 125°C) 


120 
80 
0.2 
5962-8751410 
XX 
2806 
Military/883C 
5962-87514 
10 YX 
32L 
Class B, Fully Compliant 
(-55°C to 125°C) 


• 


Package 
Type 


2806 
28 Lead, 0.600· Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip) 


32J 
32 Lead, Plastic J-Leaded Chip Carrier (PLCC) 


32L 
32 Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC) 


28P6 
28 Lead, 0.600· Wide, Plastic Ouallnline Package (POIP) 


W 
Oie 


Options 


Blank 
Standard Device: Endurance = 10K Write Cycles; Write Time = 2 ms 


E 
High Endurance Option: Endurance = lOOK Write Cycles 


AlmEL 


AlmEL 


Features 


• 
2.7 V to 3.6 V Supply 
Full Read and Write Operation 
• 
Low Power Dissipation 
8 mA Active Current 
50 IlA CMOS Standby Current 


• 
Read Access Time· 
200 ns 


• 
Byte Write· 
3 ms 
• 
Direct Microprocessor 
Control 
DATA Polling 
READY/BUSY 
Open Drain Output 


• 
High Reliability CMOS Technology 
Endurance: 
100,000 Cycles 
Data Retention: 
10 years 


• 
Low Voltage CMOS Compatible 
Inputs and Outputs 
• 
JEDEC Approved 
Byte-Wide Pinout 
• 
Commercial 
and Industrial Temperature 
Ranges 
• 
64K (8K X 8) 
Low Vol age 
CMOS 
E2PROM 


Description 


The AT28L V64 is a low-voltage, 
low-power Electrically Erasable and Programmable 
R~ 


Only Memory. Its 64K of memory is organized 
8,192 words by 8 bits. Manuf;lCtured.~itll 


Atmel's 
advanced nonvolatile 
CMOS technology, 
the device offers access time~to206ns~ 


with power dissipation less than 30 mW. When the device is deselected the,,slandby 'c\ID'ent is 
less than 50 1lA. 
' 
, 


The AT28L V64 is accessed like a Static RAM for the read or write-cycles without the need 
for external components. 
During a byte write, the address and data,are 
tched inte!J1ally, 


freeing the microprocessor 
address and data bus for other operations. PQI! 
the irHtiation 


of a write cycle, the device will go to a busy state and automafica 
,clear' 
:,tethe latched 


data using an internal control timer. The device include~two 
m~e . s for 
ting the end of 


a write cycle, level detection of ROY /BUSY and DATA 
I/O?: 
ce the end of a 


write cycle has been detected, a new access for a read or " 
gin. 


Atmel's 
28L V64 has additional 
features to ,ensllfe high qualnd 
manufacturability. 
The 


device utilizes error correction internally for exterld~d endurance ahd for improved data reten- 
tion characteristics. 
An extra 32 bytes ofE2PROMare 
a 
flilble for device identification 
or 


tracking. 


4 


6 
D 8 
7 


109 


11 
12 
14 13 


CE 


VOO 
V04 
1103 
V02 
GNO 
VOl 


VOO 
AO 
A. 
A2 


Pin Name 
Function 


AO-A12 
Addresses 


CE 
Chip Enable 


DE 
Output Enable 


WE 
Write Enable 


1/00-1/07 
Data Inputs/ 
Outputs 


ROY/BUSY 
Ready/Busy 
Output 


NC 
No Connect 


A7 
• 
VCC 
NC 


RDYIBUSY 
28 
VCC 
A12 
NC 
WE 


A12 
27 
WE 
4321323130 
A7 
26 
NC 
A6 
5 
29 
A8 
A6 
25 
A8 
A5 , 
28 
A9 


A5 
24 
A9 
A4 
7 
27 
A11 


A4 
23 
A11 
A3 
8 
26 
t;(; 


A3 
22 
BE 
A2 
9 
25 
OE 


A2 
21 
A10 
A1 
10 
24 
A10 


A1 
20 
CE 
AD 
11 
23 
CE 


AD 
19 
V07 
NC 
12 
22 
V07 
voo 
18 
V06 
VOO 
13 
21 
V06 


V01 
17 
VC5 
14151617181920 


V02 
16 
V04 
IlO's 
1 2 
NC345 


GND 
15 
V03 
VSS 


- 
RDY/BUSY 


Note: PLCC package pins 1 
and 17 are DON'T CONNECT. 


AlmEL 
2·115 


OE 


WE 


CE 


ADDRESS 
[ 
INPUTS 


OE, CEANDWE 
LOGIC 


Absolute Maximum Ratings* 


Temperature 
Under Bias 
-55°C to +125°C 


Storage Temperature 
-650C to +150oC 


All Input Voltages 
(including N.C. Pins) 
with Respect to Ground 
-0.6 V to +6.25 V 


All Output Voltages 
with Respect to Ground 
-0.6 V to Vcc +0.6 V 


Voltage on OE and A9 
with Respect to Ground 
-0.6 V to +13.5 V 


Device Operation 


READ: 
The AT28LV64 is accessed like a Static RAM. When 


CE and OE are low and WE is high, the data stored at the mem- 
ory location determined 
by the address pins is asserted on the 


outputs. The outputs are put in a high impedance state whenever 
CE or OE is high. This dual line control gives designers 
in- 


creased flexibility in preventing bus contention. 


BYlE 
WRITE: 
Writing data into the AT28L V64 is similar to 


writing into a Static RAM. A low pulse on the WE or CE input 
with OE high and CE or WE low (respectively) 
initiates a byte 
write. The address location is latched on the falling edge of WE 
(or CE); the new data is latched on the rising edge. Internally, 
the device performs a self-clear before write. Once a byte write 
has been started, it will automatically 
time itself to completion. 


READY/BUSY: 
Pin I is an open drain READY/BUSY 
out- 


put that can be used 
to detect 
the end of a write 
cycle. 


ROY /BUSY is actively pulled low during the write cycle and is 
released at the completion of the write. The open drain connec- 
tion 
allows 
for OR-tying 
of several 
devices 
to the same 
RDY/BUSY 
line. 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 


mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


DATA POLLING: 
The AT28LV64 
provides 
DATA POLL- 
ING to signal the completion 
of a write cycle. During a write 


cycle, an attempted read of the data being written results in the 
complement 
of that data for 1107 (the other outputs are indeter- 
minate). When the write cycle is finished. true data appears on 
all outputs. 


WRITE PROTECTION: 
Inadvertent 
writes to the device are 


protected against in the following ways. (a) Vcc sense- 
ifVcc 


is below 1.8 V (typical) the write function is inhibited. (b) Vcc 
power on delay- 
once Vcc has reached 2.0 V the device will 
automatically 
time out 10 ms (typical) before allowing a byte 


write. (c) Write Inhibit- 
holding anyone 
of OE low, CE high 
or WE high inhibits byte write cycles. 


DEVICE IDENTIFICATION: 
An extra 32 bytes ofE2PROM 
memory are available to the user for device identification. 
By 


raising A9 to 12 ± 0.5 V and using address locations 
lFEOH to 


IFFFH the additional bytes may be wrillen to or read from in the 
same manner as the regular memory array. 


AT28LV64-20 
AT28L V64·3Q 


Operating 
Com. 
OOC- 70DC 
OOC- 70DC 


Temperature 
(Case) 
Ind. 
-40°C - 8SoC 
-40°C - 8SoC 


Vee Power Supply 
3.0 Vt03.6 
V 
2.7Vt03.6V • 


Mode 
CE 
OE 
WE 
1/0 


Read 
VIL 
VIL 
VIH 
DOUT 


Write(2) 
VIL 
VIH 
VIL 
DIN 


StandbylWrite 
Inhibit 
VIH 
X(1) 
X 
HighZ 


Write Inhibit 
X 
X 
VIH 


Write Inhibit 
X 
VIL 
X 


Output Disable 
X 
VIH 
X 
HighZ 


Symbol 
Parameter 
Condition 
Min 
Max 
Units 


III 
Input Load Current 
VIN = 0 V to Vee + 1.0 V 
S 
~ 


ILO 
Output Leakage Current 
VI/O = 0 V to Vee 
S 
~ 


IS6 
Vee Standby Current CMOS 
CE = Vee - 0.3 V to Vee + 1.0 V 
SO 
~ 


Ice 
Vee Active Current A.C. 
1= S MHz; lOUT= 0 mA 
8 
mA 
CE = VIL 


VIL 
Input Low Voltage 
0.6 
V 


VIH 
Input High Voltage 
2.0 
V 


VOL 
Output Low Voltage 
IOL= 1 mA 
0.3 
V 


IOL= 2 mA lor RDY/BUSY 
0.3 
V 


VOH 
Output High Voltage 
IOH= -100 ~ 
2.0 
V 


Typ 
Max 
Units 
Conditions 


CIN 
I 
4 
6 
pF 
VIN = 0 V 


COUT 
I 
8 
12 
pF 
VOUT= 0 V 
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AT28LV64-20 
AT28L V64-30 


Symbol 
Parameter 
Min 
Max 
Min 
Max 
Units 


lAcc 
Address 
to Output 
Delay 
200 
300 
ns 


tCE (1) 
CE to Output 
Delay 
200 
300 
ns 


tOE (2) 
OE to Output 
Delay 
0 
80 
0 
150 
ns 


tDF (3,4) 
CE or OE High to Output 
Float 
0 
55 
0 
60 
ns 


tOH 
Output 
Hold from OE, CE or Address, 
0 
0 
ns 
whichever 
occurred 
first 


tDF 


tOH 


OUTPUT 
VALID 


Notes: 
1. CE may be delayed up to tACC- teEafter the address transition 


without impact on tACC. 


2. DE may be delayed up to teE - toE after the falling edge 
of CE without impact on teE or by tACC- toE after an address 
change without impact on tACC. 


3. tDFis specified from DE or CE whichever occurs fIrst 
(CL= 5pF). 


4. This parameter is characterized and is not 100% tested. 


Input Test Waveforms and 
Measurement 
Level 


Vcc -0.3 V 


AC < 
DRIVING 
0.5 x Vcc 


LEVELS 
0.0 V 


AC 
MEASUREMENT 
LEVEL 


Vcc 
1.811 
OUTPUT 
PIN 


1.3K 
~ 
100pF 


Symbol 
Parameter 
Min 
Max 
Units 


lAs, tOES 
Address, OE Set-up Time 
10 
ns 


IAH 
Address Hold Time 
100 
ns 


twp 
Write Pulse Width (WE or CE) 
150 
1000 
ns 


tos 
Data Set-up Time 
100 
ns 


tOH,tOEH 
Data, OE Hold Time 
10 
ns 


tOB 
Time to Device Busy 
50 
ns 


twc 
Write Cycle Time 
3 
ms • 
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Symbol 
Parameter 
Min 
Typ 
Max 
Units 


tDH 
Data Hold Time 
10 
ns 


tOEH 
OEHoldTime 
10 
ns 


tOE 
OE to Output Delay 
, 
100 
ns 


twR 
Write Recovery Time 
0 
ns 


Data Polling Waveforms 


WE 


AO-A12 
A_n_X 
An 
X 
An 
~ 


IAcc 
Icc(mA) 
Operating 
Ordering Code 
Package 
Operation 
Range 
(ns) 
Active 
Standby 
Voltage 


200 
8 
0.05 
3.0Vt03.6V 
AT28LV64-20JC 
32J 
Commercial 


AT28LV64-20PC 
28P6 
(O°C to 70°C) 


AT28L V64-208C 
288 
AT28L V64-20TC 
28T 


200 
8 
0.05 
3.0 V to 3.6 V 
AT28LV64-20JI 
32J 
Industrial 


AT28L V64-20PI 
28P6 
(-40°C to 85°C) 


AT28L V64-2081 
288 
AT28L V64-20TI 
28T 


300 
8 
0.05 
2.7Vt03.6V 
AT28LV64-30JC 
32J 
Commercial 


AT28L V64-30PC 
28P6 
(O°C to 70°C) 


AT28LV64-308C 
288 
AT28L V64-30TC 
28T 


300 
8 
0.05 
2.7Vt03.6V 
AT28LV64-30JI 
32J 
Industrial 


AT28LV64-30PI 
28P6 
(-40°C to 85°C) 


AT28LV64-3081 
288 
AT28LV64-30TI 
28T 


Package Type 


32J 
32 Lead, Plastic J-Leaded Chip Carrier (PLCC) 


28PG 
28 Lead, 0.600" Wide, Plastic Duallnline 
Package (PDIP) 


285 
28 Lead, 0.300" Wide, Plastic Gull Wing, Small Outline (SOIC) 


28T 
28 Lead, Plastic Thin Small Outline Package (TSOP) 


AlmEL 


• 


AlmEL ------ 


Features 


• 
Fast Read Access Time· 
150 ns 


• 
Automatic 
Page Write Operation 


Internal Address and Data Latches for 64 Bytes 


• 
Fast Write Cycle Times 
Page Write Cycle Time: 2 ms maximum 
1 to 64 Byte Page Write Operation 


• 
Low Power Dissipation 
60 mA Active Current 
100 IlA CMOS Standby Current 
• 
Hardware and Software Data Protection 


• 
DATA Polling and Toggle Bit for End of Write Detection 


• 
High Reliability CMOS Technology 
Endurance: 
100,000 Cycles 


Data Retention: 
10 years 
• 
Single 5 V ± 10"k Supply 
• 
CMOS and TTL Compatible 
Inputs and Outputs 


• 
JEDEC Approved 
Byte-Wide Pinout 


• 
Full Military, Commercial, 
and Industrial Temperature 
Ranges 


Description 


The AT28C64B 
is a high-perfonnance 
Electrically 
Erasable and Programmable 
Read Only 
Memory. 
Its 64K of memory 
is organized 
as 8,192 words by 8 bits. Manufactured 
with 


Atrnel's advanced nonvolatile 
CMOS technology, 
the device offers access times to 150 ns 
with power dissipation 
of just 440 mW. When the device is deselected, 
the CMOS standby 
current is less than 100 llA. 


The AT28C64B is accessed like a Static RAM for the read or write cycle without the need for 
external components. 
The device contains a 64-byte page register to allow writing of up to 64 
bytes simultaneously. 
During a write cycle, the addresses and I to 64 bytes of data are inter- 


(continued on next page) 


All 


AS 
_ 
NC 


:~ 
vcc 
A,2 


~ 
AS 


A3 
••• 


2 , 


: 
27 
3 
• 
5 
2425 


6 
22~ 
7 
8 • 
20 
,. 
,. 
11 
'8 
12 
17 
14 13 
16 15 


Al. 
CE 


V07 
vas 
\106 
va. 
V03 


V02 
GND 


VOl 
voo 


AO 
A' 
A2 


Pin Name 
Function 


AO-A12 
Addresses 


CE 
Chip Enable 


OE 
OU1putEnable 


WE 
Write Enable 


1/00-1/07 
Data InputslOutputs 


NC 
No Connect 


28 
VCC 
27 
WE 
26 
NC 
25 
AS 
24 
A9 
23 
All 
22 
DE 
21 
A10 
20 
CE 
19 
lt07 
18 
1106 
17 
lo05 
16 
va. 
15 
l.O3 
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64K (8K X 8) 
CMOS 
E2pROM with 
Software Data 
Protection 


• 


nally lalChed, freeing the address and data bus for other opera- 
tions. Following 
the initiation of a write cycle, the device will 
automatically 
write the latched data using an internal conlrol 
timer. The end of a write cycle can be detected by DATA poll- 
ing of 1/07. Once the end of a write cycle has been detected a 
new access for a read or write can begin. 


OE 


WE 


CE 


ADDRESS 
[ 


INPUTS 


OE, CEANDWE 
LOGIC 


Absolute Maximum Ratings* 


Temperature 
Under Bias 
-55°C to +125°C 


Storage Temperature 
-65°C to +150°C 


All Input Voltages 
(including N.C. Pins) 
with Respect to Ground 
-0.6 V to +6.25 V 


All Output Voltages 
with Respect to Ground 
-0.6 V to Vcc +0.6 V 


Voltage on OE and A9 
with Respect to Ground 
-0.6 V to +13.5 V 
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Atrnel's 28C64B has additional features to ensure high quality 
and manufacturability. 
The device utilizes internal error correc- 
tion for extended endurance and improved data retention char- 
acteristics. 
An optional software data protection 
mechanism is 
available 
to guard against inadvertent 
writes. The device also 
includes an exlra 64 bytes of E2PROM for device identification 
or tracking. 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 


mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Device Operation 


READ: The AT28C64B 
is accessed like a Static RAM. When 
CE and OE are low and WE is high, the data stored at the mem- 
ory location determined 
by the address pins is asserted on the 
outputs. The outputs are put in the high-impedance 
state when 
either CE or OE is high. This dual line control gives designers 
flexibility in preventing bus contention in their system. 


BYTE WRITE: A low pulse on the WE or CE input with CE or 
WE low (respectively) 
and OE high initiates a write cycle. The 
address is latched on the falling edge of CE or WE, whichever 
occurs last. The data is latched by the first rising edge of CE or 
WE. Once a byte write has been started it will automatically 
time itself to completion. 


PAGE WRITE: The page write operation of the AT28C64B al- 
lows one to 64 bytes of data to be written into the device during 
a single internal programming 
period. A page write operation is 
initiated in the same manner as a byte write; after the first byte 
is written, it can then be followed by one to 63 additional bytes. 
Each successive byte must be loaded within 150 J.lS (tSLe) of the 
previous byte. If the tSLe limit is exceeded the AT28C64 B will 
cease accepting data and commence 
the internal programming 
operation. All bytes during a page write operation must reside 
on the same page as defined by the state of the A6-A12 inputs. 
For each WE high to low transition during the page write oper- 
ation, A6 - A12 must be the same. 


The AO to AS inputs are used to specify which bytes within the 
page are to be written. The bytes may be loaded in any order and 
may be altered within the same load period. Only bytes which 
are specified for writing will be written; unnecessary cycling of 
other bytes within the page does not occur. 


DATA POLLING: 
The AT28C64B 
features DATA Polling to 
indicate the end of a write cycle. During a byte or page write 
cycle an attempted read of the last byte written will result in the 
complement 
of the written data to be presented on 1/07. Once 
the write cycle has been completed, true data is valid on all out- 
puts, ani! the next write cycle may begin. DATA Polling may 
begin at anytime during the write cycle. 


TOGGLE 
BIT: In addition 
to DATA Polling the AT28C64B 
provides 
another 
method 
for determining 
the end of a write 
cycle. During the write operation, 
successive 
attempts to read 
data from the device will result in 1/06 toggling between one 
and zero. Once the write has completed, 1/06 will stop toggling 
and valid data will be read. Reading the toggle bit may begin at 
any time during the write cycle. 


DATA PROTECTION: 
Ifprecautions 
are not taken, inadvertent 
writes may occur during transitions 
of the host system power 


supply. Atrnel has incorporated both hardware and software fea- 
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tures that will protect the memory against inadvertent writes. 


HARDWARE 
PROTECTION: 
Hardware 
features 
protect 
against inadvertent 
writes to the AT28C64B 
in the following 
ways: (a) Vee sense - if Vee is below 3.8 V (typical) the write 
function is inhibited; (b) Vee power-on 
delay - once Vee has 


reached 3.8 V the device will automatically 
time out 5 ms (typ- 
ical) before allowing a write; (c) write inhibit - holding anyone 
of OE low, CE high or WE high inhibits write cycles; (d) noise 
filter - pulses ofless than 15 ns (typical) on the WE or CE inputs 
will not initiate a write cycle. 


SOFTWARE 
DATA PROTECTION: 
A software 
controlled 
data 
protection 
feature 
has 
been 
implemented 
on 
the 
AT28C64B. When enabled, the software data protection (SDP), 
will prevent inadvertent 
writes. The SDP feature may be en- 
abled or disabled by the user; the AT28C64B 
is shipped from 
Atrnel with SDP disabled. 


SDP is enabled by the user issuing a series of three write com- 
mands; three specific bytes of data are written to three specific 
addresses (refer to Software Data Protection 
Algorithm). 
After 
writing the three-byte 
command 
sequence 
and twe the entire 
AT28C64B 
will be protected 
against 
inadvertent 
writes. 
It 
should be noted that once 
protected the user may still perform 
a byte or page write to the AT28C64B. This is done by preced- 
ing the data to be written by the same three-byte command se- 
quence used to enable SDP. 


Once set, SDP will remain active unless the disable command 
sequence is issued. Power transitions 
do not disable SDP and 
SDP will protect the AT28C64B during power-up and power- 
down conditions. All command sequences must conform to the 
page write timing specifications. 
The data in the enable and dis- 
able command sequences is not actually written into the device; 
their addresses may still be written with user data in either a byte 
or page write operation. 


After setting SDP, any attempt to write to the device without the 
three-byte command sequence will start the internal write tim- 
ers. No data will be written to the device; however, for the dura- 
tion of twe, read operations 
will effectively 
be polling opera- 


tions. 


DEVICE IDENTIFICATION: 
An extra 64 bytes of E2PROM 
memory are available to the user for device identification. 
By 


raising A9 to 12 V ±O.5 V and using address locations IFCOH 
to IFFFH the additional bytes may be written to or read from in 
the same manner as the regular memory array. 


Typ 
Max 
Units 
Conditions 


CIN 
I 
4 
6 
pF 
VIN = 0 V 


COUT 
I 
8 
12 
pF 
VOUT= 
0 V 
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AT28C64B-15 
AT28C64B·20 
AT28C64B-25 


Com. 
OOC-70°C 
OOC-70°C 
OOC-70°C 
Operating 
Ind. 
-40°C - 85°C 
-40°C - 85°C 
-40°C - 85°C 
Temperature 
(Case) 
Mil. 
-55°C - 125°C 
-55°C· 
125°C 
-55°C - 125°C 


Vee Power Supply 
5 V± 10% 
5 V± 10% 
5 V± 10% 


Mode 
CE 
OE 
WE 
1/0 


Read 
VIL 
VIL 
VIH 
DOUT 


Write(2) 
VIL 
VIH 
VIL 
DIN 


StandbylWrite 
Inhibit 
VIH 
x(1) 
X 
HighZ 


Write Inhibit 
X 
X 
VIH 


Write Inhibit 
X 
VIL 
X 


Output Disable 
X 
VIH 
X 
HighZ 


Chip Erase 
VIL 
VH (3) 
VIL 
HighZ 
Notes: 
1. X can be VILor Vrn. 
2. Refer to A.C. Programming Waveforms. 


Symbol 
Parameter 
Condition 
Mln 
Max 
Units 


III 
Input Load Current 
VIN = 0 V to Vee + 1 V 
10 
J.!A 


ILO 
Output Leakage Current 
VI/O = 0 V to Vee 
10 
J.!A 


1881 
Vee Standby Current CMOS 
- 
Com., Ind. 
100 
J.!A 


CE= Vee-0.3 V to Vee + 1 V 
Mil. 
200 
J.!A 


1882 
Vee Standby Current TTL 
CE = 2.0 V to Vee + 1 V 
2 
mA 


Ice 
Vee Active Current 
f = 5 MHz; lOUT= 0 mA 
60 
mA 


VIL 
Input Low Voltage 
0.8 
V 


VIH 
Input High Voltage 
2.0 
V 


VOL 
Output Low Voltage 
IOL= 2.1 mA 
.40 
V 


VOH 
Output High Voltage 
IOH= -400 J.!A 
2.4 
V 


AT28C64B·15 
AT28C64B-20 
AT28C64B-25 


Symbol 
Parameter 
Min 
Max 
Min 
Max 
Min 
Max 
Units 


lAcc 
Address to Output Delay 
150 
200 
250 
ns 


tCE (1) 
CE to Output Delay 
150 
200 
250 
ns 


tOE (2) 
OE to Output Delay 
0 
70 
0 
80 
0 
100 
ns 
tDF (3,4) 
CE or OE to Output Float 
0 
50 
0 
55 
0 
60 
ns 


Output Hold from OE, CE 


tOH 
or Address, whichever 
0 
0 
0 
ns 
occu rred fi rst 
• 


tDF 


tOH 


OUTPUT 
VALID 


Notes: 
1. CE may be delayed 
up to IACC- IcE after the address 
transition 
withoUI impact 
on IACC. 
2. OE may be delayed 
up to IcE - toE after the falling 
edge 
of CE without 
impact 
on IcE or by tACC - toE after an address 
change 
without 
impact 
on tACC. 


3. 
tDF is specified 
from OE or CE whichever 
occurs 
first 
(CL= 
5 pF). 
4. 
This parameter 
is characlerized 
and is not 1()()% tested. 


Input Test Waveforms 
and 


Measurement 
Level 
< 


3.0V 
AC 
DRIVING 
LEVELS 
O.OV 


AC 
MEASUREMENT 
LEVEL 


Output Test Load 


5.0V 


1.811 
OUTPUT 
PIN 


1.3K 
~ 
100pF 
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Symbol 
Parameter 
Mln 
Max 
Units 


tAS, tOES 
Address, DE Set-up Time 
0 
ns 


tAH 
Address Hold Time 
50 
ns 


tcs 
Chip Select Set-up Time 
I- 
0 
ns 


tCH 
Chip Select Hold Time 
0 
ns 


twp 
Write Pulse Width (WE or CE) 
100 
ns 


tDS 
Data Set-up Time 
50 
ns 


tDH,tOEH 
Data, DE Hold Time 
0 
ns 


twc 
Write Cycle Time 
AT2BC256 
2 
ms 


Symbol 
Parameter 
Mln 
Max 
Units 


twc 
Write Cycle Time 
AT28C256 
2 
ms 


IAs 
Address Set-up Time 
0 
ns 


IAH 
Address Hold Time 
50 
ns 


tos 
Data Set-up Time 
50 
ns 


tOH 
Data Hold Time 
0 
ns 


twp 
Write Pulse Width 
100 
ns 


tSlC 
Byte Load Cycle Time 
150 
~ 


tWPH 
Write Pulse Width High 
50 
ns • 


BYTE62 
~ 
I 


~twc--l 


Notes: 
A6 through A12 must specify the same page address during each 
high to low transition of WE (or CE). 
OE must be high only when WE and CE are both low. 


Is = tH = 5 flSCC (min.) 
tw = 10 msec (min.) 
VH=12.0V±0.5V 


VI 


CE 
VIL 


VH 


OE 


VIH 


VIH 


WE 
VIL 
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Software Data 
1 
Protection Enable Algorithm ( ) 
Software Data 
1 


Protection Disable Algorithm () 


LOADDATAAA 


TO 
ADDRESS 
1555 


LOAD 
DATA 
55 
TO 
ADDRESS 
OAAA 


Notes for software program code: 
1. Data Format: I/07 - I/OO(Hex); 
Address Format: AI2 - AO(Hex). 
2. Write Protect state will be activated at end of write even if no 
other data is loaded. 
3. Write Protect state will be deactivated at end of write period 


even if no other data is loaded. 
4. I to 64 bytes of data are loaded. 


LOAD 
DATA 
20 
TO 
ADDRESS 
1555 


LOAD 
DATA 
XX 
TO 
ANY 
ADDRESS 
(4) 


LOAD 
LAST 
BYTE 
TO 
LAST 
ADDRESS 


~_x __ ~:~ 
//-- 


---------~//-- 
:: 
~ 


BYTE 0 
BYTE 62 
BYTE 63 
I--tW~ 


Notes: 
A6 through AI2 mus~ecify 
the same page address during each high to low 


transition of WE (or CE) after the software code has been entered. 
OE must be high only when WE and CE are both low. 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 


tOH 
Data Hold Time 
0 
ns 


tOEH 
OE Hold Time 
0 
ns 


tOE 
OE to Output Delay 
100 
ns 


twR 
Write Recovery Time 
0 
ns 


Data Polling Waveforms 


WE 


AO-A12 
A_n_X 
An 
X 
An 
;: 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 


tOH 
Data Hold Time 
10 
ns 


tOEH 
OE Hold Time 
10 
ns 


tOE 
OE to Output Delay 
100 
ns 


tOEHP 
OE High Pulse 
150 
ns 


twR 
Write Recovery Time 
0 
ns 


Toggle Bit Waveforms 


WE 


Notes: 
1. Toggling 
either 
DE or CE or both DE and CE will operate 
toggle 
bit. 
2. Beginning 
and ending 
state of 006 
will vary. 


3. Any address 
location 
may be used but the address 
should 
not vary. 
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N 
1.3 


o 


r 
1.2 
m 
a 
11.1 


ze 
1.0 


d 


I 
0.9 


C 
C 
0.8 


-55 


N 1.1 


o 


r 
1.0 
m 
a 
I 
0.9 


z 
e 
0.8 


d 


I 
0.7 


C 
C 0.6 
o 
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NORMALIZED 
SUPPLY 
CURRENT 
vs. 


TEMPERATURE 


5 
35 
65 
Temperature 
(C) 


NORMALIZED 
SUPPLY 
CURRENT 
vs. 


ADDRESS 
FREQUENCY 


~ - 
....- 


Vcc = 5V 
T z 25C 


2 
3 


Frequency 
(MHz) 


r 
m 
1.2 
a 
I 


I 
C 


C 
0.6 


4.50 


NORMALIZED 
SUPPLY 
CURRENT 
vs. 


SUPPLY 
VOLTAGE 


4.75 
5.00 
5.25 


Supply Voltage (V) 


tAcc 
Icc(mA) 
Ordering Code 
Package 
Operation 
Range 
(ns) 
Active 
Standby 


150 
60 
0.1 
AT28C64B-15DC 
28D6 
Commercial 


AT28C64B-15JC 
32J 
(O°C to 70°C) 


AT28C64B-15PC 
28P6 
AT28C64B-158C 
288 
AT28C64B-15TC 
28T 


AT28C64B-15DI 
28D6 
Industrial 


AT28C64B-15JI 
32J 
(-40°C to 85°C) 


AT28C64B-15PI 
28P6 
AT28C64B-1581 
288 
AT28C64B-15TI 
28T 


150 
80 
0.2 
AT28C64B-15DM/883 
28D6 
Military/883C 


AT28C64B-15UM/883 
28U 
Class B, Fully Compliant 


(-55°C to 125°C) 


200 
60 
0.1 
AT28C64B-20DC 
28D6 
Commercial 


AT28C64B-20JC 
32J 
(O°C to 70°C) 


AT28C64B-20PC 
28P6 
AT28C64B-208C 
288 
AT28C64B-20TC 
28T 


AT28C64B-20DI 
28D6 
Industrial 


AT28C64B-20JI 
32J 
(-40°C to 85°C) 


AT28C64B-20PI 
28P6 
AT28C64B-2081 
288 
AT28C64B-20TI 
28T 


200 
80 
0.2 
AT28C64B-20DM/883 
28D6 
Military/883C 


AT28C64B-20UM/883 
28U 
Class B, Fully Compliant 


(-55°C to 125°C) 


250 
60 
0.1 
AT28C64B-25DC 
28D6 
Commercial 


AT28C64B-25JC 
32J 
(O°C to 70°C) 


AT28C64B-25PC 
28P6 
AT28C64B-258C 
288 
AT28C64B-25TC 
28T 


AT28C64B-25DI 
28D6 
Industrial 


AT28C64B-25JI 
32J 
(-40°C to 85°C) 


AT28C64B-25PI 
28P6 
AT28C64B-2581 
288 
AT28C64B-25TI 
28T 


250 
80 
0.2 
AT28C64B-25DM/883 
28D6 
Military/883C 


AT28C64B-25UM/883 
28U 
Class B, Fully Compliant 
(-55°C to 125°C) 


• 


Package Type 


2806 
28 Lead, 0.600· Wide, Non-Windowed Ceramic Dual Inline Package (Cerdip) 


32J 
32 Lead, Plastic J-Leaded Chip Carrier (PLCC) 


28P6 
28 Lead, 0.600· Wide, Plastic Dual Inline Package (PDIP) 


285 
28 Lead, 0.300· Wide, Plastic Gull Wing Small Outline (SoIC) 


28T 
28 Lead, Plastic Thin Small Outline Package (TSoP) 


28U 
28 Pin, Ceramic Pin Grid Array (PGA) 
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Features 


• 
Fast Read Access Time - 150 ns 
• 
Automatic 
Page Write Operation 
Internal Address and Data Latches for 32 Bytes 
Internal Control Timer 
• 
Fast Write Cycle Times 
Maximum 
Page Write Cycle Time: 2 ms 
1 to 32 Byte Page Write Operation 
• 
Low Power Dissipation 
80 mA Active Current 
100 ~ 
CMOS Standby Current 
• 
Direct Microprocessor 
Control 
DATAPolilng 
• 
High Reliability CMOS Technology 
Endurance: 
104 or 105 Cycles 
Data Retention: 
10 years 
• 
Single 5 V ± 10% Supply 
• 
CMOS and TTL Compatible 
Inputs and Outputs 
• 
JEDEC Approved 
Byte-Wide Pinout 
• 
Full Military, Commercial, 
and Industrial Temperature 
Ranges 


Description 


The AT28PC64 
is a high-speed, 
low-power Electrically 
Erasable and Programmable 
Read 
Only Memory. Its 64K of memory is organized as 8,192 words by 8 bits. Manufactured 
with 
Atrnel's advanced nonvolatile 
CMOS technology, 
the device offers access times to 150 ns 
with power dissipation of just 440 mW. When the device is deselected the standby current is 
less than 100 ~A. 


The AT28PC64 
is accessed like a Static RAM for the read or write cycles without the need 
for external components. 
The device contains a 32·byte page register to allow writing of up to 
32 bytes simultaneously. 
During a write cycle, the addresses and 1 to 32 bytes of data are 


(continued 
on next page) 


TSOP Top View 


DE 


: 
27 
A,O 
A11 
A9 
V07 
CE 


AB 
NC 
25 
vas 
V05 


WE 
24 
D: 


23 
V04 


NC YeC 
7 
22 
V03 
• 
21 
V02 
GND 
A12 
'0 
20 
A7 
I. 
VOl 


M 
loa 
'2 " 
18 
voo 
17 
AO 


A3 
A4 
14'3 
16 15 
Al 
A2 


Pin Name 
Function 


AO-A12 
Addresses 


CE 
Chip Enable 


OE 
Output Enable 


WE 
Write Enable 


I/OO-V07 
Data Inputs/Outputs 


NC 
No Connect 


28 
vcc 
27 
WE 
26 
NC 
25 
AB 
24 
A9 
23 
All 
22 
DE 
21 
A10 
20 
CE 
19 
1.07 
18 
L06 
17 
L05 
'6 
V04 
15 
1.03 


A7 
NC VCC 
NC 


A12 
NC 
~ 
4 
133130 
ASS 
29AB 
A56 
28A9 
A4 
7 
27 
All 
A38 
26NC 
142.9 
250E 
Al 
10 
24 
A10 
AO 
11 
23 
CE 
Ne 
12 
22 
1107 
11'00 13 
21 
V06 
'.'51617181920 


LO's 
12 
NC34 
5 
GND 


Note: PLCC package pins 1and 
17 are DON'T CONNECT. 
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64K (8K X 8) 
Paged 
CMOS 
E2pROM • 


Description 
(Continued) 


internally latched, freeing the address and data bus for other op- 
erations. Following 
the initiation of a write cycle, the device 
will automatically 
write the latched data using an internal con- 


trol timer. The end of a write cycle can be detected by DATA 
polling of 1/07. Once the end of a write cycle has been detected 
a new access for a read or write can begin. 


OE 


WE 
CE 


ADDRESS 
[ 


INPUTS 


OE, CEANDWE 
LOGIC 


Absolute Maximum Ratings* 


Temperature 
Under Bias 
-55°C to +125°C 


Storage Temperature 
-650C to +150oC 


All Input Voltages 
(including N.C. Pins) 
with Respect to Ground 
-0.6 V to +6.25 V 


All Output Voltages 
with Respect to Ground 
-0.6 V to Vcc +0.6 V 


Voltage on OE and A9 
with Respect to Ground 
-0.6 V to +13.5 V 


AlmEL 


Atmel's 
28PC64 has additional features to ensure high quality 


and manufacturability. 
The device utilizes internal error correc- 
tion for extended endurance and improved data retention char- 
acteristics. 
The AT28PC64 also includes an extra 32 bytes of 


E2PROM for device identification 
or tracking. 


'NOTICE: 
Stresses beyond those listed under '"Absolute Maxi- 


mum Ratings'" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Device Operation 


READ: The AT28PC64 
is accessed like a Static RAM. When 


CE and OE are low and WE is high, the data stored at the mem- 
ory location determined 
by the address pins is asserted on the 


outputs. The outputs are put in the high impedance state when 
either CE or OE is high. This dual-line control gives designers 
flexibility in preventing bus contention in their system. 


BYTE WRITE: A low pulse on the WE or CE input with CE or 
WE low (respectively) 
and OE high initiates a write cycle. The 


address is latched on the falling edge of CE or WE, whichever 
occurs last. The data is latched by the first rising edge of CE or 
WE. Once a byte write has been started it will automatically 
time itself to completion. 


PAGE WRITE: The page write operation of the AT28PC64 al- 
lows one to thirty-two bytes of data to be written into the device 
during a single internal programming 
period. A page write op- 


eration is initiated in the same manner as a byte write; the first 
byte written can then be followed by one to thirty-one additional 
bytes. Each successive 
byte must be written 
within 
150 lIS 


(tBt.C) of the previous 
byte. If the tBLC limit is exceeded 
the 
AT28PC64 will cease accepting data and commence 
the inter- 


nal programming 
operation. All bytes during a page write oper- 


ation must reside on the same page as defined by the state of the 
AS-Al2 
inputs. For each WE high to low transition during the 


page write operation, AS - A12 must be the same. 


The AO to A4 inputs are used to specify which bytes within the 
page are to be written. The bytes may be loaded in any order and 
may be altered within the same load period. Only bytes which 
are specified for writing will be written; unnecessary cycling of 
other bytes within the page does not occur. 


DATA POLLING: 
The AT28PC64 
features DATA Polling to 


indicate the end of a write cycle. During a byte or page write 
cycle an attempted read of the last byte written will result in the 
complement 
of the written data to be presented on 1/07. Once 


the write cycle has been completed, true data is valid on all out- 
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puts, and the next write cycle may begin. DATA Polling may 
begin at anytime during the write cycle. 


TOGGLE 
BIT: In addition 
to DATA Polling the AT28PC64 


provides 
another method 
for determining 
the end of a write 


cycle. During the write operation, 
successive 
attempts to read 


data from the device will result in 1/06 toggling between one 
and zero. Once the write has completed, 1/06 will stop toggling 
and valid data will be read. Reading the toggle bit may begin at 
any time during the write cycle. 


DATA PROTECTION: 
If precautions are not taken, inadvertent 


writes to the AT28PC64 may occur during transitions of the host 
system power supply. Atmel has incorporated the following fea- 
tures that will protect the memory against inadvertent writes. 


HARDWARE 
PROTECTION: 
Hardware 
features 
protect 


against inadvertent 
writes to the AT28PC64 
in the following 


ways: (a) Vcc sense - if Vcc is below 3.8 V (typical) the write 
function is inhibited; (b) Vcc power-on delay - once Vcc has 
reached 3.8 V the device will automatically 
time out 5 ms typi- 
cal) before allowing a write: (c) write inhibit - holding anyone 
of OE low, CE high or WE high inhibits write cycles; (d) noise 
filter - pulses ofless than 15 ns (typical) on the WE or CE inputs 
will not initiate a write cycle. 


CHIP 
CLEAR: 
The contents 
of the entire 
memory 
of the 


AT28PC64 may be set to the high state (erased) by the use of the 
CHIP CLEAR operation. By setting CE low and OE to 12 volts, 
the chip is cleared when a 10 ms low pulse is applied to the WE 
pin. 


DEVICE IDENTIFICATION: 
An extra 32 bytes of E2PROM 


memory are available to the user for device identification. 
By 


raising A9 to 12 V ± 0.5 V and using address locations lFEOH 
to IFFFH the additional bytes may be written to or read from in 
the same manner as the regular memory array. 


Typ 
Max 
Units 
Conditions 


CIN 
I 
4 
6 
pF 
VIN =0 
V 


COUT 
I 
8 
12 
pF 
VOUT= 
0 V 


AlmEL 


AlmEL 


AT28PC64-15 
AT28PC64-20 
AT28PC64-25 


Com. 
OOC-70°C 
OOC-70°C 
OOC-70°C 
Operating 
Ind. 
-40°C - 85°C 
-40°C - 85°C 
-40°C - 85°C 
Temperature 
(Case) 
Mil. 
-55°C - 125°C 
-55°C - 125°C 
-55°C - 125°C 


Vee Power Supply 
5 V± 10% 
5 V± 10% 
5 V± 10% 


Mode 
CE 
OE 
WE 
1/0 


Read 
VIL 
VIL 
VIH 
DOUT 


Write(2) 
VIL 
VIH 
VIL 
DIN 


StandbylWrite 
Inhibit 
VIH 
X(1) 
X 
HighZ 


Write Inhibit 
X 
X 
VIH 


Write Inhibit 
X 
VIL 
X 


Output Disable 
X 
VIH 
X' 
HighZ 


Chip Erase 
VIL 
VH (3) 
VIL 
. 


HighZ 


Notes: 
1. X can be Vn..or Vrn. 
2. Refer 10 A.C. Programming Waveforms. 


Symbol 
Parameter 
Condition 
Mln 
Max 
Units 


III 
Input Load Current 
VIN = 0 V to Vee + 1V 
10 
!!A 


ILO 
Output Leakage Current 
VI/O= 0 Vto Vee 
10 
!!A 


1581 
Vee Standby Current CMOS 
CE = Vee-0.3 V to Vee + 1 V 
Com., Ind. 
100 
!!A 


Mil. 
200 
!!A 


1582 
Vee Standby Current TTL 
CE = 2.0 V to Vee + 1 V 
~ 
3 
mA 


Ice 
Vee Active Current 
f = 5 MHz; lOUT= 0 mA 
80 
mA 


VIL 
Input Low Voltage 
0.8 
V 


VIH 
Input High Voltage 
2.0 
V 


VOL 
Output Low Voltage 
IOL= 2.1 mA 
.4 
V 


VOH 
Output High Voltage 
IOH= -400 !!A 
2.4 
V 


AT28PC64-15 
AT28PC64·20 
AT28PC64-25 


Symbol 
Parameter 
Min 
Max 
Min 
Max 
Min 
Max 
Units 


IAcc 
Address to Output Delay 
150 
200 
250 
ns 


tCE (2) 
CE to Output Delay 
150 
200 
250 
ns 


tOE (3) 
OE to Output Delay 
0 
70 
0 
80 
0 
100 
ns 


tDF (4,5) 
CE or OE to Output Float 
0 
50 
0 
55 
0 
60 
ns 


tOH 
Output Hold from OE, CE or 
0 
0 
0 
ns 
Address, whichever 
occurred first 
• 


tDF 


tOH 


OUTPUT 
VALID 


Notes: 
1. CL= 100pF. 
2. CE may be delayed up to tACC- teE after the address transition 
without impact on tACC. 


3. OE may be delayed up to teE - toE after the falling edge 
of CE without impact on teE or by tACC- toE after an address 
change without impact on tACC. 


4. tDFis specified from OE or CE whichever occurs first 
(CL= 5pF). 
5. This parameter is characterized and is not 100% tested. 


< 


3.0V 
AC 


DRIVING 
LEVELS 
O.OV 


AC 
MEASUREMENT 
LEVEL 


Output Test Load 


5.0V 


1. 


8Ki1 
OUTPUT 
PIN 


1.3K 
:& 100pF 


Input Test Waveforms and 
Measurement 
Level 
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Symbol 
Parameter 
Min 
Typ 
Max 
Units 


tAs, tOEs 
Address, OE Set-up Time 
0 
ns 


tAH 
Address Hold Time 
50 
ns 


tcs 
Chip Select Set-up Time 
0 
ns 


tCH 
Chip Select Hold Time 
0 
ns 


twp 
Write Pulse Width (WE or CE) 
100 
1000 
ns 


tos 
Data Set-up Time 
50 
ns 


tOH,tOEH 
Data, OE Hold Time 
0 
ns 


!wc 
Write Cycle Time 
1.0 
2.0 
ms 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 


twc 
Write Cycle Time 
1 
2.0 
ms 


tAs 
Address Set-up Time 
0 
ns 


tAH 
Address Hold Time 
50 
ns 


tos 
Data Set-up Time 
50 
ns 


tOH 
Data Hold Time 
0 
ns 


twp 
Write Pulse Width 
100 
1000 
ns 


tSlC 
Byte Load Cycle Time 
150 
ns 


tPlW 
Page Load Width 
150 
, 
IJ.S 


twPH 
Write Pulse Width High 
50 
ns • 


__ ~/--------------~/I~I_---------/f-- 


~ 


~ 
BYTE 
3 
tPLW 
tWC 


x__ ~~ 


Notes: 
AS through 
AI2 
must specify 
the same page address 
during 
each 


high to low transition 
of WE (or CE). 


OE must be high only when WE and CE are both low. 


ts = tH = I fLSec(min.) 
tw = 10 msec 
(min.) 
VH = 12.0 V±O.S 
V 


VIH 


WE 
VIL 


Note: Some systems require increased load cycle time, beyond that permiued by the AT28PC64. The following Page Mode Write 
Characteristics 
and Waveforms address this situation. Please reference Atmel part number AT28PC64-SL376 
to specify this device. 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 


twc 
Write Cycle Time 
1 
2.0 
ms 


IAs 
Address Set-up Time 
0 
ns 


IAH 
Address Hold Time 
50 
ns 


tos 
Data Set-up Time 
50 
ns 


tOH 
Data Hold Time 
0 
ns 


twp 
Write Pulse Width 
100 
ns 


tBLC 
Byte Load Cycle Time 
150 
lis 


tWPH 
Write Pulse Width High 
50 
ns 


Page Mode Write Waveforms (AT28PC64-SL376) 


-~/ 


x'--_-----J:~ 


BYTE 62 
~ 
I 
I-tWc-j 


Notes: 
AS through A12 must specify the same page address during each 
high to low transition of WE (or CE). 
OE must be high only when WE and CE are both low. 


Symbol 
Parameter 
Mln 
Typ 
Max 
Unhs 


tDH 
Data Hold Time 
0 
ns 


tOEH 
OE Hold Time 
0 
ns 


tOE 
OE to Output Delay 
50 
ns 


twR 
Write Recovery Time 
0 
ns 


Data Polling Waveforms 


WE 


AO-A12 
An_X 
An 
X 
An 
~ 
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• 


N 
1.3 


o 


r 
1.2 
m 
a 
I 
1.1 


I 
0.9 


C 
C 
0.8 


-55 


r 
1.0 
m 
a 
I 
0.9 
i 
z 
• 
0.8 


d 


I 
0.7 


C 
C 
0.6 
o 


NORMALIZED 
SUPPLY 
CURRENT 
vs. 


TEMPERATURE 


5 
35 
65 
Temperature 
(C) 


NORMALIZED 
SUPPLY 
CURRENT 
vs. 


ADDRESS 
FREQUENCY 


~ - 
- 
.....- 


Vcc =5V 
T = 25C 


2 
3 


Frequency 
(MHz) 


AlmEL 


NORMALIZED 
SUPPLY 
CURRENT 
vs. 


SUPPLY VOLTAGE 


o 
r 
m 
1.2 
a 
I 


I 
C 
C 
0.6 


4.50 
4.75 
5.00 
5.25 


Supply Voltage (V) 


IAcc 
Icc(mA) 
Ordering Code 
Package 
Operation Range 
(ns) 
Active 
Standby 


150 
80 
0.1 
AT28PC64(E)-150C 
2806 
Commercial 


AT28PC64(E)-15JC 
32J 
(O°C to 70°C) 


AT28PC64(E)-15PC 
28P6 
AT28PC64(E)-15TC 
28T 


AT28PC64(E)-1501 
2806 
Industrial 


AT28PC64(E)-15JI 
32J 
(-40°C to 85°C) 


AT28PC64(E)-15PI 
28P6 
AT28PC64(E)-15TI 
28T 


150 
80 
0.2 
AT28PC64(E)-150M/883 
2806 
Military/883C 


AT28PC64(E)-15LM/883 
32L 
Class S, Fully Compliant 


(-55°C to 125°C) 


200 
80 
0.1 
AT28PC64(E)-200C 
2806 
Commercial 


AT28PC64(E)-20JC 
32J 
(O°C to 70°C) 


AT28PC64(E)-20PC 
28P6 


AT28PC64(E)-2001 
2806 
Industrial 


AT28PC64(E)-20JI 
32J 
(-40°C to 85°C) 


AT28PC64(E)-20PI 
28P6 


200 
80 
0.2 
AT28PC64(E)-200M/883 
2806 
Military/883C 


AT28PC64(E)-20LM/883 
32L 
Class S, Fully Compliant 


(-55°C to 125°C) 


250 
80 
0.1 
AT28PC64(E)-250C 
2806 
Commercial 


AT28PC64(E)-25JC 
32J 
(O°C to 70°C) 


AT28PC64(E)-25PC 
28P6 
AT28PC64-W 
OlE 


AT28PC64(E)-2501 
2806 
Industrial 


AT28PC64(E)-25JI 
32J 
(-40°C to 85°C) 


AT28PC64(E)-25PI 
28P6 


250 
80 
0.2 
AT28PC64(E)-250M/883 
2806 
Military/883C 


AT28PC64(E)-25LM/883 
32L 
Class S, Fully Compliant 


(-55°C to 125°C) 
300(1) 
80 
0.2 
AT28PC64( E)-30 OM/883 
2806 
Military/883 


AT28 PC64( E)-30LM/883 
32L 
Class S, Fully Compliant 
(-55°C to 125°C) 
350(1) 
80 
0.2 
AT28PC64(E)-350M/883 
2806 
Military/883 


AT28 PC64( E)-35LM/883 
32L 
Class S, Fully Compliant 


(-55°C to 125°C) 


• 
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lAce 
Icc(mA) 
Ordering Code 
Package 
Operation 
Range 
(ns) 
Active 
Standby 


200 
80 
0.2 
5962-8751409 
XX 
2806 
Military/883C 


5962-8751409 
YX 
32L 
Class S, Fully Compliant 


(-55°C to 125°C) 


250 
80 
0.2 
5962-8751408 
XX 
2806 
Military/883C 
5962-8751408 
YX 
32L 
Class S. Fully Compliant 
(-55°C to 125°C) 


300(1) 
80 
0.2 
5962-8751407 
XX 
2806 
Military/883C 


5962-8751407 
YX 
32L 
Class S, Fully Compliant 
(-55°C to 125°C) 


350(t) 
80 
0.2 
5962-8751406 
XX 
2806 
Military/883C 


5962-8751406 
YX 
32L 
Class S, Fully Compliant 
(-55°C to 125°C) 


Package Type 


2806 
28 Lead, 0.600· Wide, Non-Windowed, Ceramic Duallnline 
Package (Cerdip) 


32J 
32 Lead, Plastic J-Leaded Chip Carrier OTP (PLCC) 


32L 
32 Pad, Non-Windowed, Ceramic Leadless Chip Carrier OTP (LCC) 


28P6 
28 Lead, 0.600· Wide, Plastic Dual Inline Package OTP (POIP) 


28T 
28 Lead, Plastic Thin Small Outline Package (TSOP) 


W 
Die 


Options 


Blank 
Standard Device: 
Endurance = 10K Write Cycles; Write Time = 2 ms 


E 
High Endurance Option: Endurance = lOOK Write Cycles 


28 
VCC 
A7 A14VCC 
A13 
A14 
A12 
NC WE 
A12 
27 
WE 
4 
3 
3130 
A7 
26 
A13 
A!i · 


29 
A!i 
A!i 
25 
AS 
AS • 
28 
A9 
AS 
24 
A9 
A4 
7 
27 
Al1 
A4 
23 
Al1 
A3 
8 
26 
NC 
A3 
22 
DE 
A2 • 
25 
DE 
A2 
21 
Al0 
Al 
10 
24 
Al0 
Al 
20 
CE 
AD 
11 
23 
CE 
AD 
I. 
1107 
NC 
12 
22 
1107 
1100 
18 
110. 
1100 
13 
21 
1106 
1101 
17 
1105 
14151617181920 
1102 
I. 
1104 
lIO's 12NC345 
GND 
15 
1103 
GND 


NOle: PLCC package pins 1 and 
17 are DON'TCONNECr. 


AlmlL 
2·147 


Features 


• 
Fast Read Access Time· 
150 ns 
• 
Automatic 
Page Write Operation 
Internal Address and Data Latches for 64 Bytes 
Internal Control Timer 
• 
Fast Write Cycle Times 
Page Write Cycle Time: 3.0 ms or 10 ms maximum 
1 to 64 Byte Page Write Operation 
• 
Low Power Dissipation 
80 mA Active Current 
200 !1ACMOS Standby Current 
• 
Hardware and Software Data Protection 
• 
DATA Polling for End of Write Detection 
• 
High Reliability CMOS Technology 
Endurance: 
104 or 105 Cycles 
Data Retention: 
10 years 
• 
Single 5 V ± 10% Supply 
• 
CMOS and TIL 
Compatible 
Inputs and Outputs 
• 
JEDEC Approved 
Byte-Wide Pinout 
• 
Full Military, Commercial, 
and Industrial Temperature 
Ranges 


Description 


The AT28C256 
is a high-performance 
Electrically 
Erasable and Programmable 
Read Only 
Memory. Its 256K of memory is organized as 32,768 words by 8 bits. Manufactured 
with 
Atmel's 
advanced nonvolatile 
CMOS technology, 
the device offers access times to 150 ns 
with power dissipation 
of just 440 mW. When the device is deselected, the CMOS standby 
current is less than 200 l!A. 


The AT28C256 is accessed like a Static RAM for the read or write cycle without the need for 
external components. 
The device contains a 64-byte page register to allow writing of up to 64 


(continued on next page) 


DE 


A~ 
A9 


_ 
A13 


WE vcc 
AI4 
A12 
A7 
A!i 
AS 
A4 
A3 


2 
1 
: 
27 
4 
3 


5 
25 
• 
24 


1)8 
7 
2223 
• 
21 


10 
20 


11 
18 I. 


12 
17 
1413 
16 15 


Al0 
CE 
1/07 
1106 
1105 
1104 
1103 
GND 
1102 
1101 
1100 
AD 
Al 
A2 


Pin Name 
Function 


AO-A14 
Addresses 


CE 
Chip 
Enable 


OE 
Output 
Enable 


WE 
Write 
Enable 


1/00-1/07 
Data 
Inputs/Outputs 


NC 
No Connect 


256K (32K X 8) 
Paged 
CMOS 
E2pROM • 


Description 
(Continued) 


bytes simultaneously. 
During a write cycle, the addresses and 1 
to 64 bytes of data are internally latched, freeing the address and 
data bus for other operations. Following the initiation of a write 
cycle, the device will automatically 
write the latched data using 
an internal control timer. The end of a write cycle can be de- 
tected by DATA polling of I/07. Once the end of a write cycle 
has been detected a new access for a read or write can begin. 


OE 


WE 


CE 


ADDRESS 
[ 


INPUTS 


OE,CEANDWE 
LOGIC 


Absolute Maximum Ratings· 


Temperature 
Under Bias 
-550C to +125°C 


Storage Temperature 
-65°C to +150oC 


All Input Voltages 
(including N.C. Pins) 
with Respect to Ground 
-0.6 V to +6.25 V 


All Output Voltages 
with Respect to Ground 
-0.6 V to Vcc +0.6 V 


Voltage on OE and A9 
with Respect to Ground 
-0.6 V to +13.5 V 


AlmEL 


Atrnel's 28C256 has additional 
features to ensure high quality 


and manufacturability. 
The device utilizes internal error correc- 


tion for extended endurance and improved data retention char- 
acteristics. An optional software data protection 
mechanism 
is 


available to guard against inadvertent 
writes. The device also 


includes an extra 64 bytes of E2PROM for device identification 
or tracking. 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 


mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Device Operation 


READ: The AT28C256 
is accessed like a Static RAM. When 
CE and OE are low and WE is high, the data stored at the mem- 
ory location determined 
by the address pins is asserted on the 
outputs. The outputs are put in the high impedance state when 
either CE or OE is high. This dual-line control gives designers 
flexibility in preventing bus contention in their system. 


BYTE WRITE: A low pulse on the WE or CE input with CE or 
WE low (respectively) 
and OE high initiates a write cycle. The 
address is latched on the falling edge of CE or WE, whichever 
occurs last. The data is latched by the frrst rising edge of CE or 
WE. Once a byte write has been started it will automatically 
time itself to completion. 


PAGE WRITE: The page write operation of the AT28C256 al- 
lows one to sixty-four bytes of data to be written into the device 
during a single internal programming 
period. A page write op- 
eration is initiated in the same manner as a byte write; the frrst 
byte written can then be followed by one to sixty-three addi- 
tional bytes. Each successive byte must be written within 150 flS 
(tBLc) of the previous 
byte. If the tBLe limit is exceeded 
the 
AT28C256 will cease accepting data and commence the internal 
programming operation. All bytes during a page write operation 
must reside on the same page as defined by the state of the A6- 
A 14 inputs. For each WE high to low transition during the page 
write operation, A6 - AI4 must be the same. 


The AO to A5 inputs are used to specify which bytes within the 
page are to be written. The bytes may be loaded in any order and 
may be altered within the same load period. Only bytes which 
are specified for writing will be written; unnecessary cycling of 
other bytes within the page does not occur. 


DATA POLLING: 
The AT28C256 
features DATA Polling to 
indicate the end of a write cycle. During a byte or page write 
cycle an attempted read of the last byte written will result in the 
complement 
of the written data to be presented on 1/07. Once 
the write cycle has been completed, true data is valid on all out- 
puts, and the next write cycle may begin. DATA Polling may 
begin at anytime during the write cycle. 


TOGGLE 
BIT: In addition 
to DATA Polling the AT28C256 
provides 
another 
method 
for determining 
the end of a write 
cycle. During the write operation, 
successive attempts to read 
data from the device will result in 1/06 toggling between one 
and zero. Once the write has completed, 1/06 will stop toggling 
and valid data will be read. Reading the toggle bit may begin at 
any time during the write cycle. 


DATA PROTECTION: 
If precautions are not taken, inadvertent 


writes may occur during transitions 
of the host system power 


supply. Atrnel has incorporated both hardware and software fea- 
tures that will protect 
the memory against inadvertent writes. 


HARDWARE 
PROTECTION: 
Hardware 
features 
protect 
2 


against inadvertent 
writes to the AT28C256 
in the following 
ways: (a) Vee sense - if Vee is below 3.8 V (typical) the write 
function is inhibited; (b) Vee power-on delay - once Vee has 
reached 3.8 V the device will automatically 
time out 5 ms (typ- 


ical) before allowing a write: (c) write inhibit - holding anyone 
of OE low, CE high or WE high inhibits write cycles; (d) noise 
fIlter - pulses ofless than 15 ns (typical) on the WE orCE inputs 
will not initiate a write cycle. 


SOFTWARE 
DATA PROTECTION: 
A software 
controlled 


data 
protection 
feature 
has 
been 
implemented 
on 
the 
AT28C256. When enabled, the software data protection (SDP), 
will prevent 
inadvertent 
writes. The SDP feature may be en- 
abled or disabled by the user; the AT28C256 
is shipped from 
Atmel with SDP disabled. 


SDP is enabled by the host system issuing a series of three write 
commands; 
three specific bytes of data are written to three spe- 
cific addresses (refer to Software Data Protection 
Algorithm). 
After writing the three byte command 
sequence and after twe 
the entire AT28C256 will be protected against inadvertent write 
operations. It should be noted, that once protected the host may 
still perform a byte or page write to the AT28C256. This is done 
by preceding the data to be written by the same three byte com- 
mand sequence used to enable SDP. 


Once set, SDP will remain active unless the disable command 
sequence is issued. Power transitions 
do not disable SDP and 


SDP will protect the AT28C256 
during power-up and power- 
down conditions. All command sequences must conform to the 
page write timing specifications. 
The data in the enable and dis- 


able command 
sequences 
is not written to the device and the 


memory addresses 
used in the sequence 
may be written with 


data in either a byte or page write operation. 


Mter setting SDP, any attempt to write to the device without the 
three byte command sequence will start the internal write tim- 
ers. No data will be written to the device; however, for the dura- 
tion of twe, read operations 
will effectively 
be polling opera- 


tions. 


DEVICE IDENTIFICATION: 
An extra 64 bytes of E2PROM 
memory are available to the user for device identification. 
By 


raising A9 to 12 V ± 0.5 V and using address locations 7FCOH 
to 7FFFH the additional bytes may be written to or read from in 
the same manner as the regular memory array. 


Typ 
Max 
Units 
Conditions 


CIN 
I 
4 
6 
pF 
VIN = 0 V 


COUT 
I 
8 
12 
pF 
VOUT= 
0 V 


AT28C256-15 
AT28C256-20 
AT28C256-25 
AT28C256-35 


Com. 
OOC-70°C 
OOC-70°C 
OOC- 70°C 
Operating 
Ind. 
-40°C - 85°C 
-40°C - 85°C 
-40°C - 85°C 
Temperature 
(Case) 
Mil. 
-55°C - 125°C 
-55°C - 125°C 
-55°C - 125°C 
-55°C - 125°C 


Vee Power Supply 
5V±10% 
5 V± 10% 
5 V± 10% 
5 V± 10% 


Mode 
CE 
OE 
WE 
I/O 


Read 
VIL 
VIL 
VIH 
DOUT 


Write(2) 
VIL 
VIH 
VIL 
DIN 


StandbylWrite 
Inhibit 
VIH 
X(1) 
X 
HighZ 


Write Inhibit 
X 
X 
VIH 


Write Inhibit 
X 
VIL 
X 


Output Disable 
X 
VIH 
X 
HighZ 


Chip Erase 
VIL 
VH (3) 
VIL 
HighZ 
Notes: 
1. X can be VtLor Vm. 
2. Refer to A.C. Progranuning Waveforms. 


Symbol 
Parameter 
Condition 
Mln 
Max 
Units 


III 
Input Load Current 
VIN = 0 V to Vee + 1 V 
10 
J.LA 


ILO 
Output Leakage Current 
VI/O= 0 Vto Vee 
10 
J.LA 


1581 
Vee Standby Current CMOS 
- 
Com., Ind. 
200 
J.LA 


CE= Vee-0.3 V to Vee + 1 V 
Mil. 
300 
J.LA 


1582 
Vee Standby Current TIL 
CE = 2.0 V to Vee + 1 V 
3 
mA 


Ice 
Vee Active Current 
f = 5 MHz; lOUT= 0 mA 
80 
mA 


VIL 
Input Low Voltage 
0.8 
V 


VIH 
Input High Voltage 
2.0 
V 


VOL 
Output Low Voltage 
IOL= 2.1 mA 
.45 
V 


VOH 
Output High Voltage 
IOH= -400 IlA 
2.4 
V 


AT28C256-15 
AT28C256-20 
AT28C256-25 
AT28C256-35 


Symbol 
Parameter 
Min 
Max 
Min 
Max 
Min 
Max 
Min 
Max 
Units 


tACC 
Address 
to Output 
Delay 
150 
200 
250 
350 
ns 


tCE (1) 
CE to Output 
Delay 
150 
200 
250 
350 
ns 


tOE (2) 
OE to Output 
Delay 
0 
70 
0 
80 
0 
100 
0 
100 
ns 


tOF (3,4) 
CE or OE to Output 
Float 
0 
50 
0 
55 
0 
60 
0 
70 
ns 


Output 
Hold from OE, CE 


tOH 
or Address, 
whichever 
0 
0 
0 
0 
ns 


occurred 
first 


OUTPUT 
VALID 


tDF 


tOH 


Notes: 
1. CE may be delayed up to tACC- teE after the address transition 


without nnpact on tACC 
2. OE may be delayed up to teE - toE after the falling edge 


of CE without nnpact on teE or by tACC- toE after an address 
change without nnpact on tACC. 


3. tDFis specified from OE or CE whichever occurs first 


(CL= 
5 pF). 


4. This parameter is characterized and is not 100% tested. 


Input Test Waveforms and 
Measurement 
Level 


Output Test Load 


5.0V 


1.811 
OUTPUT 
PIN 


1.3K 
:& 100pF 
< 


3.0V 


AC 
DRIVING 
LEVELS 


D.DV 


AC 
MEASUREMENT 
LEVEL 


• 
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Symbol 
Parameter 
Mln 
Max 
Units 


lAs, tOES 
Address, DE Set-up Time 
0 
ns 


IAH 
Address Hold Time 
50 
os 


tcs 
Chip Select Set-up Time 
0 
os 


tCH 
Chip Select Hold Time 
0 
os 


twp 
Write Pulse Width (WE or CE) 
100 
os 


tos 
Data Set-up Time 
50 
, 
os 


tOH,tOEH 
Data, DE Hold Time 
0 
os 


tov 
Time to Data Valid 
NR(l) 


Write Cycle Time 
AT28C256 
10 
ms 


twc 
AT28C256F 
3.0 
ms 


A.C. Write Waveforms- 
WE Controlled 


DE 


tWP 


DATA__ IN 
t_DV_=:r=tD=S========tD=H=3~---- 


tWP 


DATA__ IN 
tD_v_=t=tD=s=======t=D=H 
3----- 


Symbol 
Parameter 
Mln 
Max 
Units 


AT28C256 
10 
ms 
twc 
Write Cycle Time 
AT28C256F 
3.0 
ms 


tAs 
Address Set-up Time 
0 
ns 


tAH 
Address Hold Time 
50 
ns 


tDS 
Data Set-up Time 
50 
ns 


tDH 
Data Hold Time 
0 
ns 


twp 
Write Pulse Width 
100 
ns 


tSlC 
Byte Load Cycle Time 
150 
Jls 


twPH 
Write Pulse Width High 
50 
ns • 


--~/~------------~/I~I---------~/~ 


BYTE62 ~j~ 


I-tWC 


Notes: 
A6 through A 14 must spe~ 
th~ame 
page address during each 


high to low transition of WE (or CE). 
OE must be high only when WE and CE are both low. 


ts = tH= 5 l'S"C 
(min.) 
tw = 10 msec (min.) 
VH = 12.0 V±0.5 
V 


VIH 


WE 
VIL 


AlmEL 


Software Data 
1 
Protection Enable Algorithm ( ) 


Software Data 
1 


Protection Disable Algorithm () 


LOAD LAST BYTE 


TO 
LAST ADDRESS 


LOAD DATA xx 


TO 
(4) 
ANY ADDRESS 


Notes for software program code: 
I. Data Format: I/07 - I/OO(Hex); 
Address Format: A14 - AD (Hex). 


2. Write Protect state will be activated at end of write even if no 
other data is loaded. 
3. Write Protect state will be deactivated at end of write period 
even if no other data is loaded. 
4. 1 to 64 bytes of data are loaded. 


~_x __ ~::;= 
~---------7/ 
~ 
~---------7/ 
~ 


r----~ 
BYTE 0 
BYTE 62 
BYTE 63I-- tWc---J 


Notes: 
A6 through A14 mus.!..:'.Pecifythe same page address during each high to low 
transition of WE (or CE) after the software code has been entered. 
OE must be high only when WE and CE are both low. 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 


tOH 
Data Hold Time 
0 
ns 


tOEH 
OE Hold Time 
0 
ns 


tOE 
OE to Output Delay 
100 
ns 


twR 
Write Recovery Time 
0 
ns • 


Data Polling Waveforms 


WE 


AO-A14 
A_n~X 
An 
X 
An 
;; 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 


tOH 
Data Hold Time 
10 
ns 


tOEH 
OE Hold Time 
10 
ns 


tOE 
OE to Output Delay 
100 
ns 


tOEHP 
OE High Pulse 
150 
ns 


twR 
Write Recovery Time 
0 
ns 


Toggle Bit Waveforms 


WE 


NOles: 
I. Toggling either OE or CE or both OE and CE will operate toggle bit. 
2. Beginning and ending state of I/06 will vary. 
3. Any address location may be used but the address should not vary. 


AlmEL 


NORMALIZED 
SUPPLY CURRENT 
vs. 


TEMPERATURE 


N 
1.3 


o 


r 
1.2 
m 
a 
I 
1.1 


I 
0.9 


C 
C 


5 
35 
65 
Temperature 
(C) 


NORMALIZED 
SUPPLY CURRENT 
vs. 


ADDRESS FREQUENCY 


N 
1.1 


0 


r 
1.0 
m 
a 
I 
0.9 
i 
z 
e 
0.8 


d 


---~ 
- 
-- 
- 


Vcc =5V 
T = 25C 
I 
0.7 


C 
C 
0.6 
o 
2 
3 


Frequency 
(MHz) 


NORMALIZED 
SUPPLY CURRENT 
vs. 


SUPPLY VOLTAGE 


r 
m 
1.2 


a 
I 


I 
C 


C 
0.6 


4.50 
4.75 
5.00 
5.25 


Supply Voltage (V) 


fAce 
Icc(mA) 
Ordering Code 
Package 
Operation Range 
(ns) 
Active 
Standby 


150 
80 
0.2 
AT28C256(E,F)-15DC 
28D6 
Commercial 
AT28C256(E,F)-15JC 
32J 
(O°C to 70°C) 


AT28C256(E,F)-15PC 
28P6 
AT28C256(E,F)-15TC 
28T 
AT28C256(E,F)-15UC 
28U 


AT28C256(E,F)-15DI 
28D6 
Industrial 


AT28C256(E,F)-15JI 
32J 
(-40°C to 85°C) 


AT28C256(E,F)-15PI 
28P6 
AT28C256(E,F)-15TI 
28T 
AT28C256(E,F)-15UI 
28U 


150 
80 
0.3 
AT28C256(E,F)-15DM/883 
28D6 
Military/883C 
AT28C256(E,F)-15FM/883 
28F 
Class S, Fully Compliant 
AT28C256( E,F)-15LM/883 
32L 
(-55°C to 125°C) 


AT28C256(E,F)-15UM/883 
28U 


200 
80 
0.2 
AT28C256( E,F)-20DC 
28D6 
Commercial 
AT28C256(E,F)-20JC 
32J 
(O°C to 70°C) 


AT28C256(E,F)-20PC 
28P6 
AT28C256(E,F)-20UC 
28U 


AT28C256(E,F)-20DI 
28D6 
Industrial 
AT28C256(E,F)-20JI 
32J 
(-40°C to 85°C) 


AT28C256(E,F)-20PI 
28P6 
AT28C256(E,F)-20UI 
28U 


200 
80 
0.3 
AT28C256(E, F)-20DM/883 
28D6 
Military/883C 
AT28C256( E,F)-20FM/883 
28F 
Class S, Fully Compliant 


AT28C256( E,F)-20LM/883 
32L 
(-55°C to 125°C) 


AT28C256( E,F)-20UM/883 
28U 


250 
80 
0.2 
AT28C256(E,F)-25DC 
28D6 
Commercial 
AT28C256(E,F)-25JC 
32J 
WCto 
70°C) 


AT28C256(E,F)-25PC 
28P6 
AT28C256(E,F)-25UC 
28U 
AT28C256-W 
DIE 


AT28C256(E,F)-25DI 
28D6 
Industrial 


AT28C256(E,F)-25JI 
32J 
(-40°C to 85°C) 


AT28C256(E,F)-25PI 
28P6 
AT28C256(E,F)-25UI 
28U 


250 
80 
0.3 
AT28C256( E,F)-25DM/883 
28D6 
Military/883C 
AT28C256( E,F)-25FM/883 
28F 
Class S, Fully Compliant 
AT28C256( E,F)-25LM/883 
32L 
(-55°C to 125°C) 
AT28C256( E,F)-25UM/883 
28U 
300(1) 
80 
0.3 
AT28C256( E,F)-30DM/883 
28D6 
Military/883C 
AT28C256( E,F)-30FM/883 
28F 
Class S, Fully Compliant 
AT28C256(E,F)-30LM/883 
32L 
(-55°C to 125°C) 


AT28C256(E,F)-30UM/883 
28U 


350 
80 
0.3 
AT28C256(E,F)-35DM/883 
28D6 
Military/883C 
AT28C256( E,F)-35FM/883 
28F 
Class S, Fully Compliant 
AT28C256( E,F)-35LM/883 
32L 
(-55°C to 125°C) 


AT28C256( E,F)-35UM/883 
28U 


AlmEL 


• 


AlmEL 


tAcc 
ICC(mA) 


Ordering Code 
Package 
Operation 
Range 
(ns) 
Active 
Standby 


150 
80 
0.35 
5962-8852507 
UX 
28U 
Military1883C 


5962-8852507 
XX 
28D6 
Class B, Fully Compliant 


5962-88525 
07 YX 
32L 
(-55°C to 125°C) 


5962-88525 
07 ZX 
28F 


5962-88525 
06 UX 
28U 
Military/883C 


5962-88525 
06 XX 
28D6 
Class B, Fully Compliant 


5962-88525 
06 YX 
32L 
(-55°C to 125°C) 


5962-88525 
06 ZX 
28F 


200 
80 
0.35 
5962-88525 
04 UX 
28U 
Military/883C 


5962-88525 
04 XX 
28D6 
Class B, Fully Compliant 


5962-88525 
04 YX 
32L 
(-55°C to 125°C) 


5962-88525 
04 ZX 
28F 


250 
80 
0.35 
5962-8852503 
UX 
28U 
Military/883C 


5962-88525 
03 XX 
28D6 
Class B, Fully Compliant 


5962-88525 
03 YX 
32L 
(-55°C to 125°C) 


5962-88525 
03 ZX 
28F 


5962-88525 
05 UX 
28U 
Military/883C 


5962-88525 
05 XX 
28D6 
Class B, Fully Compliant 


5962-8852505 
YX 
32L 
(-55°C to 125°C) 


5962-88525 
05 ZX 
28F 


300(1) 
80 
0.35 
5962-8852502 
UX 
28U 
Military/883C 


5962-88525 
02 XX 
28D6 
Class B, Fully Compliant 


5962-88525 
02 YX 
32L 
(-55°C to 125°C) 


5962-88525 
02 ZX 
28F 


350 
80 
0.35 
5962-88525 
01 UX 
28U 
Military/883C 


5962-88525 
01 XX 
28D6 
Class B, Fully Compliant 


5962-88525 
01 YX 
32L 
(-55°C to 125°C) 


5962-8852501 
ZX 
28F 


Package Type 


2806 
28 Lead, 0.600· Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip) 


28F 
28 Lead, Non-Windowed, Ceramic Bottom-Brazed Flat Package (Flatpack) 


32J 
32 Lead, Plastic J-Leaded Chip Carrier (PLCC) 


32L 
32 Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC) 


28P6 
28 Lead, 0.600· Wide, Plastic Dual Inline Package (PDIP) 


28T 
28 Lead, Plastic Thin Small Outline Package (TSOP) 


28U 
28 Pin, Ceramic Pin Grid Array (PGA) 


W 
Die 


Options 


Blank 
Standard Device: Endurance = 10K Write Cycles; Write Time = 10 ms 


E 
High Endurance Option: Endurance = lOOK Write Cycles 


F 
Fast Write Option: Write Time = 3 ms 


Features 


• 
Fast Read Access Time - 70 ns 
• 
Automatic 
Page Write Operation 
Internal Address and Data Latches for 64 Bytes 
Internal Control Timer 
• 
Fast Write Cycle Times 
Page Write Cycle Time: 10 ms or 3 ms maximum 
1 to 64 Byte Page Write Operation 
• 
Low Power Dissipation 
80 mA Active Current 
3 mA Standby Current (AT28HC256L) 
• 
Hardware and Software Data Protection 
• 
DATA Polling for End of Write Detection 
• 
High Reliability CMOS Technology 
Endurance: 
104 or 105 Cycles 
Data Retention: 
10 years 
• 
Single 5 V ± 10% Supply 
• 
CMOS and TTL Compatible 
Inputs and Outputs 
• 
JEDEC Approved 
Byte-Wide Pinout 
• 
Full Military, Commercial, 
and Industrial Temperature 
Ranges 


Description 


The AT28HC256/L 
is a high-performance 
Electrically 
Erasable 
and Programmable 
Read 
Only Memory. Its 256K of memory is organized as 32,768 words by 8 bits. Manufactured 
with 
Atrnel's advanced nonvolatile CMOS technology, the AT28HC256 
offers access times to 70 
ns with power dissipation of just 440 mW. When the AT28HC256L 
is deselected, the standby 
current is less than 5 mA. 


The AT28HC256/L 
is accessed like a Static RAM for the read or write cycle without the need 
for external components. 
The device contains a 64-byte page register to allow writing of up to 


(continued on next page) 


DE ,;----;----------;;28;;-"""27" 
A10 
- 


A~ 
A9 
4 
26 25 
1107 CE 
_ 
A13 
24 
1105 V06 


WE vcc 
): 
22 23 
1103 1/04 


A14 
A12 
8: 
20 21 
V02 
GNO 


: 
A6 
~~ 11 
18 ~~ 
voo:' 


A3 
A4 
14 13 
16 15 
Al 
A2. 


Pin Name 
Function 


AO-A14 
Addresses 


CE 
Chip Enable 


OE 
Output Enable 


WE 
Write Enable 


1/00-1/07 
Data InputslOutputs 


NC 
No Connect 


1 
28 
2 
27 
3 
26 
• 
25 
5 
2. 
6 
23 
7 
22 
8 
21 
• 
20 
10 
,. 
11 
18 
12 
17 
13 
16 


" 
15 


A7 A14 VCC 
A13 
A12 
NC ~ 
4 
13 
313 
/11)5 
29A8 
1456 
28A9 
A4 
7 
27 
All 
A38 
26NC 
142.9 
250E 
Al 
10 
24 
A10 


N:J 
11 
23 
CE 
NC 
12 
22 
V07 
IlOO 
13 
21 
V06 
14151617181920 


OO's12NC345 
GNO 


Note: PLCC package pins 1and 
17 are DON'T CONNECT. 


256 (32K X 8) 
High Speed 
CMOS 
e2pROM • 


Description 
(Continued) 


64 bytes simultaneously. 
During a write cycle, the address and 
1 to 64 bytes of data are internal1y latched, freeing the addresses 
and data bus for other operations. 
Fol1owing the initiation of a 


write cycle, the device will automatically 
write the latched data 
using an internal control timer. The end of a write cycle can be 
detected by DATA pol1ing of I/O? 
Once the end of a write 


cycle has been detected a new access for a read or write can 
begin. 


OE 


WE 
CE 


ADDRESS 
[ 


INPUTS 


OE, CEANDWE 
LOGIC 


Absolute Maximum Ratings* 


Temperature 
Under Bias 
-55°C to +125°C 


Storage Temperature 
-650C to +150oC 


All Input Voltages 
(including N.C. Pins) 
with Respect to Ground 
-0.6 V to +6.25 V 


All Output Voltages 
with Respect to Ground 
-0.6 V to Vcc +0.6 V 


Voltage on OE and A9 
with Respect to Ground 
-0.6 V to +13.5 V 


AlmEL 


Atrnel's 28HC256/L has additional features to ensure high qual- 
ity and manufacturability. 
The device utilizes internal error cor- 


rection for extended 
endurance 
and improved 
data retention 


characteristics. 
An optional 
software 
data protection 
mecha- 


nism is available to guard against inadvertent writes. The device 
also includes an extra 64 bytes of E2PROM for device identifi- 
cation or tracking. 


*NOTlCE: Stresses beyond those listed under "Absolute Maxi- 


mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


READ: The AT28C256 
is accessed like a Static RAM. When 


CE and OE are low and WE is high, the data stored at the mem- 
ory location determined 
by the address pins is asserted on the 


outputs. The outputs are put in the high impedance state when 
either CE or OE is high. This dual-line control gives designers 
flexibility in preventing bus contention in their system. 


BYTE WRITE: A low pulse on the WE or CE input with CE or 
WE low (respe{;tively) and OE high initiates a write cycle. The 
address is latched on the falling edge of CE or WE, whichever 
occurs last. The data is latched by the first rising edge of CE or 
WE. Once a byte write has been started it will automatically 
time itself to completion. 


PAGE WRITE: The page write operation of the AT28C256 al- 
lows one to sixty-four bytes of data to be written into the device 
during a single internal programming 
period. A page write op- 


eration is initiated in the same manner as a byte write; the first 
byte written can then be followed by one to sixty-three addi- 
tional bytes. Each successive byte must be written within 150 ~ 
(tBLC) of the previous byte. If the tBLC limit is exceeded 
the 
AT28C256 will cease accepting data and commence the internal 
programming 
operation. All bytes during a page write operation 


must reside on the same page as defined by the state of the A6- 
A14 inputs. That is, for each WE high to low transition during 
the page write operation, A6 - A14 must be the same. 


The AO to A5 inputs are used to specify which bytes within the 
page are to be written. The bytes may be loaded in any order and 
may be altered within the same load period. Only bytes which 
are specified for writing will be written; unnecessary cycling of 
other bytes within the page does not occur. 


DATA POLLING: 
The AT28C256 
features DATA Polling to 
indicate the end of a write cycle. During a byte or page write 
cycle an attempted read of the last byte written will result in the 
complement 
of the written data to be presented on 1/07. Once 
the write cycle has been completed, true data is valid on all out- 
puts, and the next write cycle may begin. DATA Polling may 
begin at anytime during the write cycle. 


TOGGLE 
BIT: In addition 
to DATA Polling the AT28C256 


provides 
another 
method 
for determining 
the end of a write 
cycle. During the write operation, 
successive 
attempts to read 


data from the device will result in 1/06 toggling between one 
and zero. Once the write has completed, 1/06 will stop toggling 
and valid data will be read. Testing the toggle bit may begin at 
any time during the write cycle. 


DATA PROTECTION: 
If precautions are not taken, inadvertent 


writes to any five-volt-only 
nonvolatile memory may occurdur- 


ing transition of the host system power supply. Atrnel has incor- 
porated both hardware 
and software features that will protect 


the memory against inadvertent writes. 
2 


HARDWARE 
PROTECTION: 
Hardware 
features 
protect 


against inadvertent 
writes to the AT28C256 
in the following 


ways: (a) Vcc sense - if Vcc is below 3.8 V (typical) the write 
function is inhibited; (b) Vcc power-on 
delay - once Vcc has 


reached 3.8 V the device will automatically 
time out 5 ms typi- 


cal) before allowing a write: (c) write inhibit - holding anyone 
ofOE 
low, CE high or WE high inhibits write cycles; (d) noise 


ftIter - pulses ofless than 15 ns (typical) on the WE or CE inputs 
will not initiate a write cycle. 


SOFrW ARE DATA 
PROTECTION: 
A software 
controlled 


data 
protection 
feature 
has 
been 
implemented 
on 
the 


AT28C256. When enabled, the software data protection (SDP), 
will prevent 
inadvertent 
writes. The SDP feature may be en- 
abled or disabled by the user; the AT28C256 
is shipped from 


Atmel with SDP disabled. 


SDP is enabled by the host system issuing a series of three write 
commands; three specific bytes of data are written to three spe- 
cific addresses (refer to Software Data Protection 
Algorithm). 


After writing the three byte command 
sequence and after twc 


the entire AT28C256 will be protected against inadvertent write 
operations. It should be noted, that once protected the host may 
still perform a byte or page write to the AT28C64B. This is done 
by preceding the data to be written by the same three byte com- 
mand sequence. 


Once set, SDP will remain active unless the disable command 
sequence is issued. Power transitions 
do not disable SDP and 


SDP will protect the AT28C256 
during power-up and power- 


down conditions. All command sequences must conform to the 
page write timing specifications. 
It should also be noted that the 


data in the enable and disable command sequences is not written 
to the device and the memory addresses 
used in the sequence 


may be written with data in either a byte or page write operation. 


After setting SDP, any attempt to write to the device without the 
three byte command sequence will start the internal write tim- 
ers. No data will be written to the device; however, for the dura- 
tion of twc, read operations 
will effectively 
be polling opera- 


tions. 


DEVICE IDENTIFICATION: 
An extra 64 bytes of E2PROM 


memory are available to the user for device identification. 
By 


raising A9 to 12 V ± 0.5 V and using address locations 7FCOH 
to 7FFFH the addi tional bytes may be written to or read from in 
the same manner as the regular memory array. 


Typ 
Max 
Units 
Conditions 


CIN 
I 
4 
6 
pF 
VIN =0 
V 


COUT 
I 
8 
12 
pF 
VOUT= 
0 V 


AlmEl 


AT28HC256-70 
AT28HC256L-90 
AT28HC256-90 
AT28HC256/L-12 


Com. 
OOC-70°C 
OOC-70°C 
OOC-70°C 
OOC-70°C 
Operating 
Ind. 
-40°C - 85°C 
-40°C - 85°C 
-40°C - 85°C 
-40°C - 85°C 
Temperature 
(Case) 
Mil. 
-55°C - 125°C 
-55°C - 125°C 


Vee Power Supply 
5 V± 10% 
5 V± 10% 
5 V± 10% 
5 V± 10% 


Mode 
CE 
OE 
WE 
I/O 


Read 
VIL 
VIL 
VIH 
DOUT 
Write(2) 
VIL 
VIH 
VIL 
DIN 


StandbylWrite 
Inhibit 
VIH 
x(1) 
X 
HighZ 


Write Inhibit 
X 
X 
VIH 


Write Inhibit 
X 
VIL 
X 


Output Disable 
X 
VIH 
X 
HighZ 


Chip Erase 
VIL 
VH (3) 
VIL 
HighZ 


Notes: 
I. X can be VIL or Vrn. 
2. Refer to A.C. Programming Waveforms. 


Symbol 
Parameter 
Condition 
Mln 
Max 
Units 


III 
Input Load Current 
VIN = 0 V to Vee + 1 V 
10 
lJA 


ILO 
Output Leakage Current 
VI/O = OV to Vee 
10 
lJA 


1581 
Vee Standby Current TIL 
- 
I\T28HC256L 
3 
mA 
CE = 2.0 V to Vee + 1 V 
AT28HC256 
60 
mA 


1582 
Vee Standby Current CMOS 
CE = -3.0 V to Vcc + 1 V 
AT28HC256L 
300 
lJA 


Ice 
Vcc Active Current 
f = 5 MHz; lOUT= 0 mA 
80 
mA 


VIL 
Input Low Voltage 
0.8 
V 


VIH 
Input High Voltage 
2.0 
V 


VOL 
Output Low Voltage 
IQL= 6.0 mA 
.45 
V 


VOH 
Output High Voltage 
IOH=-4 mA 
2.4 
V 


AT28HC256-70 
AT28C256/L·90 
AT28HC256/L·12 


Symbol 
Parameter 
Min 
Max 
Min 
Max 
Min 
Max 
Units 


IAcc 
Address to Output Delay 
70 
90 
120 
ns 


tCE (1) 
CE to Output Delay 
70 
90 
120 
ns 


tOE (2) 
OE to Output Delay 
0 
35 
0 
40 
0 
50 
ns 
tDF (3,4) 
CE or OE to Output Float 
0 
35 
0 
40 
0 
50 
ns 


tOH 
Output Hold from OE. CE or 
0 
0 
0 
ns 
Address. whichever 
occurred first 
• 


teE 


tOE 


tDF 


tOH 


OUTPUT 
VALID 


Notes: 
1. CE may be delayed 
up to tACC - teE after the address 
transition 
without 
impact 
on tACC. 
2. OE may be delayed 
up to teE - toE after the falling 
edge 
of CE without 
impact 
on teE or by tACC - toE after an address 
change 
without 
impact 
on tACC. 


3. 
tOF is specified 
from OE or CE whichever 
occurs 
fIrst 


(CL= 5pF). 


4. 
This parameter 
is characterized 
and is not 100% tested. 


Input Test Waveforms 
and 
Measurement 
Level 
< 


3.0V 
AC 
DRIVING 
LEVELS 
O.OV 


AC 
MEASUREMENT 
LEVEL 


Output Test Load 


5.0V 


1. 


811 
OUTPUT 
PIN 


1.3K 
~ 
100pF 
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Symbol 
Parameter 
Mln 
Max 
Units 


tAs, tOEs 
Address, DE Set-up Time 
0 
ns 


tAH 
Address Hold Time 
50 
ns 


tcs 
Chip Select Set-up Time 
0 
H 
. 


ns 


tCH 
Chip Select Hold Time 
0 
ns 


twp 
Write Pulse Width (WE or CE) 
100 
ns 


tos 
Data Set-up Time 
50 
. 


ns 


tOH,toEH 
Data, DE Hold Time 
0 
ns 


tov 
Time to Data Valid 
NR(1) 


Write Cycle Time 
AT28HC256 
10 
ms 
twc 


AT28HC256F 
3.0 
ms 


tWp. 


DATA__ IN 
tD 
_ 
V 
_=t=tD=S========tD=H=3 
_ 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 


AT28HC256 
5 
10 
ms 
twc 
Write Cycle Time 
AT28HC256F 
2 
3.0 
ms 


IAs 
Address Set-up Time 
0 
ns 


IAH 
Address Hold Time 
50 
ns 


tos 
Data Set-up Time 
50 
ns 


tOH 
Data Hold Time 
0 
ns 


twp 
Write Pulse Width 
100 
ns 


tBLC 
Byte Load Cycle Time 
150 
!J.S 


twPH 
Write Pulse Width High 
50 
ns • 


Page Mode Write Waveforms 
_____________ 
~/,~I 
---~/~ 
OE 
__ 
/ 


BYTE62~; 
I 


I-tWC 
---J 


Notes: 
A6 through AI4 must specify the same page address during each 
high to low transition of WE (or CE). 
OE must be high only when WE and CE are both low. 


ts = tH= 5 !'See (min.) 
tw = 10 msec (min.) 
YH= 12.0Y±0.5 V 


VIH 


WE 
VIL 


AlmEL 


softWare Data 
I 
Protection Enable Algorithm ( ) 


Software Data 
I 


Protection Disable Algorithm ( ) 


LOAD 
LAST 
BYTE 
TO 
LAST 
ADDRESS 


LOAD 
DATA 
XX 
TO 
(4) 
ANY 
ADDRESS 


Notes: 
1. Data Formal: 1/07 - I!OO (Hex); 


Address Formal: AI4 - AO(Hex). 


2. Write Prolecl slale will be activated at end of write even if no 


other data is loaded. 
3. Write Protect state will be deactivated at end of write period 
even if no other data is loaded. 
4. 1 to 64 bytes of dala are loaded. 


~_x 
::;= 


~--------~I/ 
/-- 


~--------~7/ 
/-- 


~-~ 
BYTE 0 
BYTE 62 
BYTE 63f-- tWc---l 


Notes: 
A6 through A14 mus~ecify 
the same page address during each high to low 
transition of WE (or CE) after the software code has been entered. 
OE must be high only when WE and CE are both low. 


Data Polling Characteristics(l) 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 


tOH 
Data Hold Time 
0 
ns 


tOEH 
OE Hold Time 
0 
ns 


tOE 
OE to Output Delay 
100 
ns 


twR 
Write Recovery Time 
0 
ns • 


Data Polling Waveforms 


WE 


AO-A14 
A_n~X 
An 
X 
An 
~ 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 


tOH 
Data Hold Time 
10 
ns 


tOEH 
OE Hold Time 
10 
ns 


tOE 
OE to Output Delay 
100 
ns 


tOEHP 
OE High Pulse 
150 
ns 


twR 
Write Recovery Time 
0 
ns 


Toggle Bit Waveforms 


WE 


Notes: 
I. Toggling either OE or CE or both OE and CE wil1operate toggle bit. 
2. Beginning and ending state of 1/06 wil1vary. 
3. Any address location may be used but the address should not vary. 


AlmEL 


N 
1.3 


o 


r 
1.2 
m 
a 
I 
1.1 


ze 
1.0 


d 


1 
0.9 


C 
C 
0.8 


-55 


N 
1.1 


o 


r 
1.0 
m 
a 
I 
0.9 
i 
z 
e 
0.8 


d 


I 
0.7 


C 
C 
0.6 
o 


AlmEL 


NORMALIZED 
SUPPLY 
CURRENT 
vs. 


TEMPERATURE 


5 
35 
65 
Temperature 
(C) 


NORMALIZED 
SUPPLY 
CURRENT 
vs. 


SUPPLY VOLTAGE 


N 
1.4 


o 


r 


m 
1.2 


a 
I 


i 
1.0 
z 
e 
d 


NORMALIZED 
SUPPLY 
CURRENT 
vs. 


ADDRESS 
FREQUENCY 


2 
4 
6 
8 
Frequency 
(MHz) 


I 
C 
C 
0.6 


4.50 
4.75 
5.00 
5.25 


Supply Voltage (V) 


lAce 
Icc(mA) 
Ordering Code 
Package 
Operation 
Range 
(ns) 
Active 
Standby 


70 
80 
60 
AT28HC256(E,F)-700C 
2806 
Commercial 
AT28HC256(E,F)-70JC 
32J 
(O°C to 70°C) 


AT28HC256(E,F)-70PC 
28P6 


AT28HC256( E,F)-7001 
2806 
Industrial 


AT28HC256(E,F)-70JI 
32J 
(-40°C to 85°C) 


AT28HC256(E,F)-70PI 
28P6 


90 
80 
60 
AT28HC256(E,F)-900C 
2806 
Commercial 


AT28HC256(E,F)-90JC 
32J 
(O°C to 70°C) 


AT28HC256(E,F)-90PC 
28P6 
AT28HC256(E,F)-90UC 
28U 


AT28HC256(E,F)-9001 
2806 
Industrial 
AT28HC256(E,F)-90JI 
32J 
(-40°C to 85°C) 


AT28HC256(E,F)-90PI 
28P6 
AT28HC256(E,F)-90UI 
28U 


AT28HC256(E, F)-900M/883 
2806 
Military/883C 


AT28HC256( E,F)-90FM/883 
28F 
Class S, Fully Compliant 


AT28HC256(E,F)-90LM/883 
32L 
(-55°C to 125°C) 


AT28HC256(E, F)-90UM/883 
28U 


120 
80 
60 
AT28HC256(E,F)-120C 
2806 
Commercial 
AT28HC256(E,F)-12JC 
32J 
(O°C to 70°C) 


AT28HC256(E,F)-12PC 
28P6 
AT28HC256(E,F)-12TC 
28T 
AT28HC256(E,F)-12UC 
28U 


AT28HC256(E,F)-1201 
2806 
Industrial 
AT28HC256(E,F)-12JI 
32J 
(-40°C to 85°C) 


AT28HC256(E,F)-12PI 
28P6 
AT28HC256(E,F)-12TI 
28T 
AT28HC256(E,F)-12UI 
28U 


AT28HC256(E,F)-120M/883 
2806 
Military/883C 


AT28HC256(E,F)-12FM/883 
28F 
Class S, Fully Compliant 


AT28HC256(E,F)-12LM/883 
32L 
(-55°C to 125°C) 


AT28HC256(E,F)-12UM/883 
28U 


90 
80 
60 
5962-88634 
03 UX 
28U 
Military/883C 


5962-88634 
03 XX 
2806 
Class S, Fully Compliant 


5962-88634 
03 YX 
32L 
(-55°C to 125°C) 


5962-88634 
03 ZX 
28F 


5962-88634 
04 UX 
28U 
Military/883C 


5962-8863404 
XX 
2806 
Class S, Fully Compliant 


5962-88634 
04 YX 
32L 
(-55°C to 125°C) 


5962-88634 
04 ZX 
28F 


• 
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Package Type 


2806 
28 Lead, 0.600· 
Wide, Non-Windowed, Ceramic Duallnline 
Package (Cerdip) 


28F 
28 Lead, Non-Windowed, Ceramic Bottom-Brazed Flat Package (Flatpack) 


32J 
32 Lead, Plastic J-Leaded Chip Carrier (PLCC) 


32L 
32 Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC) 


28P6 
28 Lead, 0.600· 
Wide, Plastic Dual Inline Package (PDIP) 


28T 
28 Lead, Plastic Thin Small Outline Package (TSOP) 


28U 
28 Pin, Ceramic Pin Grid Array (PGA) 


Options 


Blank 
Standard Device: Endurance = 10K Write Cycles; Write Time = 10 ms 


E 
High Endurance Option: Endurance = 1OOK Write Cycles 


F 
Fast Write Option: Write Time = 3 ms 


lAce 
Icc(mA) 
Ordering Code 
Package 
Operation 
Range 
(ns) 
Active 
Standby 


90 
80 
0.3 
AT28HC256L(E, 
F)-90DC 
28D6 
Commercial 
AT28HC256L(E,F)-90JC 
32J 
(O°C to 70°C) 
AT28HC256L(E,F)-90PC 
28P6 
AT28HC256L(E,F)-90UC 
28U 


AT28HC256L(E,F)-90DI 
28D6 
Industrial 
AT28HC256L(E,F)-90JI 
32J 
(-40°C to 85°C) 


AT28HC256L(E,F)-90PI 
28P6 
AT28HC256L(E,F)-90UI 
28U 


120 
80 
0.3 
AT28HC256L(E,F)-12DC 
28D6 
Commercial 
AT28HC256L(E,F)-12JC 
32J 
(O°C to 70°C) 
AT28HC256L(E, 
F)-12PC 
28P6 
AT28HC256L(E,F)-12UC 
28U 
AT28HC256L-W 
DIE 


AT28HC256L(E,F)-12DI 
28D6 
Industrial 
AT28HC256L(E,F)-12JI 
32J 
(-40°C to 85°C) 
AT28HC256L(E,F)-12PI 
28P6 
AT28HC256L(E,F)-12UI 
28U 


AT28HC256L(E,F)-12DM/883 
28D6 
Military/883C 
AT28HC256L(E,F)-12FM/883 
28F 
Class B, Fully Compliant 


AT28HC256L(E,F)-12LM/883 
32L 
(-55°C to 125°C) 


AT28HC256L(E,F)-12UM/883 
28U 


120 
80 
0.3 
5962-8863401 
UX 
28U 
Military/883C 
5962-88634 
01 XX 
28D6 
Class B, Fully Compliant 
5962-88634 
01 YX 
32L 
(-55°C to 125°C) 


5962-8863401 
ZX 
28F 


5962-88634 
02 UX 
28U 
Military/883C 
5962-8863402 
XX 
28D6 
Class B, Fully Compliant 


5962-88634 
02 YX 
32L 
(-55°C to 125°C) 


5962-88634 
02 ZX 
28F 


Package 
Type 


2806 
28 Lead, 0.600" Wide, Non-Windowed, Ceramic Duallnline 
Package (Cerdip) 


28F 
28 Lead, Non-Windowed, Ceramic Bottom-Brazed Flat Package (Flatpack) 


32J 
32 Lead, Plastic J-Leaded Chip Carrier (PLCC) 


32L 
32 Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC) 


28P6 
28 Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP) 


28U 
28 Pin, Ceramic Pin Grid Array (PGA) 


W 
Die 


Options 


Blank 
Standard Device: Endurance = 10K Write Cycles; Write Time = 10 ms 


E 
High Endurance Option: Endurance = 1OOK Write Cycles 


F 
Fast Write Option: Write Time = 3 ms 


AlmEL 


• 


AlmEL 
------ 


Features 


• 
Fast Read Access Time - 120 ns 


• 
Automatic 
Page Write Operation 
Internal Address and Data Latches for 64 Words 
Internal Control Timer 


• 
Fast Write Cycle Times 
Page Write Cycle Time: 10 ms maximum 
1 to 64 Word Page Write Operation 


• 
Low Power Dissipation 
100 mA Active Current 
400 llA CMOS Standby Current 


• 
Hardware and Software Data Protection 


• 
DATA Polling for End of Write Detection 


• 
High Reliability CMOS Technology 
Endurance: 
104 or 105 Cycles 
Data Retention: 
10 years 


• 
Single 5 V ± 10% Supply 


• 
CMOS and TTL Compatible 
Inputs and Outputs 


• 
JEDEC ApprOVed Word· Wide Pinout 


• 
Full Military, Commercial, 
and Industrial Temperature 
Ranges 


1 Megabit 
(64K x 16) 
Paged 
CMOS 
E2pROM 
• 


Description 


The AT28CI024 
is a high performance 
Electrically 
Erasable and Programmable 
Read Only 


Memory. Its 1 megabit of memory is organized as 65,536 words by 16 bits. Manufactured 
with Atmel's advanced nonvolatile 
CMOS technology, the device offers access times down 


to 120 ns with power dissipation of just 550 mW. When the device is deselected, the CMOS 
standby current is less than 400 lJ.A. 


The AT28C1024 
is accessed like a Static RAM for the read or write cycle without the need 


for external components. 
The device contains a 64-word page register to allow writing of up 


to 64 words simultaneously. 
During a write cycle, the addresses and 1 to 64 words of data are 


internally latched, freeing the address and data bus for other operations. Following the initia- 
tion of a write cycle, the device will automatically 
write the latched data using an internal 


control timer. The end of a write cycle can be detected by DATA polling of I/07 or I/OI5. 
Once the end of a write cycle has been detected a new access for a read or write can begin. 


Atmel's 
28C1024 has additional 
features to ensure high quality and manufacturability. 
The 


device utilizes internal error correction for extended endurance and improved data retention 
characteristics. 
An optional software data protection mechanism is available to guard against 


inadvertent writes. The device also includes an extra 64 words of E2PROM for device identi- 
fication or tracking. 


Top View 


11013 va15 
NC 
VCC NC 
A14 


V01o4 CE NC WE 
A1S 


642444240 
1.012 
7 
5 
3 
1 
43 
41 
39 
A13 


11011 
8 
3B 
A12 


VOl0 
9 
37 
All 


lI09 
10 
36 
A1Q 


lI08 
11 
35 
A9 
GND 
12 
34 
GND 
NC 
13 
33 
NC 


1107 
14 
32 
AS 


V06 
15 
31 
A7 


V05 
16 
30 
A£ 


V04 
17 
19 
21 
23 
25 
27 
29 
A5 


18 
20 
22 
24 
26 
28 


Ll02 IlOO NC 
A1 
A3 


1103 
1101 OE 
AO 
K1. 
A4 


Pin Name 
Function 


AO-A15 
Addresses 


CE 
Chip Enable 


OE 
Output Enable 


WE 
Write Enable 


1/00-1/015 
Data 
InputslOutputs 


NC 
No Connect 


1 
40 


2 
39 


3 
38 
• 
37 
5 
36 
6 
35 
7 
34 
8 
33 


9 
32 
10 
31 


11 
30 
12 
29 
13 
28 


1. 
27 


15 
2B 
16 
25 
17 
2' 
18 
23 


19 
22 
20 
21 


AlmEL 


AlmEL 


OE 


WE 


CE 


ADDRESS 
[ 


INPUTS 


OE, CEANDWE 
LOGIC 


Absolute Maximum Ratings* 


Temperature 
Under Bias 
-55°C to +125°C 


Storage Temperature 
-65°C to +1500C 


All Input Voltages 
(including N.C. Pins) 
with Respect to Ground 
-0.6 V to +6.25 V 


All Output Voltages 
with Respect to Ground 
-0.6 V to Vcc +0.6 V 


Voltage on OE and A9 
with Respect to Ground 
-0.6 V to 13.5 V 


Device Operation 


READ: The AT28C1024 is accessed like a Static RAM. When 
CE and OE are low and WE is high, the data stored at the mem- 
ory location determined 
by the address pins is asserted on the 
outputs. The outputs are put in the high impedance state when 
either CE or OE is high. This dual-line control gives designers 
flexibility in preventing bus contention in their system. 


WRITE: A low pulse on the WE or CE input with CE or WE low 
(respectively) and OE high initiates a write cycle. The address is 
latched on the falling edge of CE or WE, whichever occurs last. 
The data is latched by the first rising edge of CE or WE. Once a 
write has been started it will automatically 
time itself to comple- 


tion. 


PAGE WRITE: 
The page write operation 
of the AT28CI024 


allows one to one hundred sixty-four wordss of data to be writ- 
ten into the device during a single internal programming period. 


DATA LATCH 


INPUT/OUTPUT 
BUFFERS 


V·GATING 


CELL MATRIX 


IDENTIFICATION 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 


mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure 10 absolute maximum rating conditions for extended 
periods may affect device reliability. 


A page write operation is initiated in the same manner as a sin- 
gle word write; the first eord written can then be followed by 
one to one sixty-three additional words. Each successive word 
must be written within 150 JlS (tBLc) of the previous byte. If the 
tBLClimit is exceeded the AT28C I024 will cease accepting data 
and commence 
the internal programming 
operation. 
All data 
during a page write operation must reside on the same page as 
defined by the state of the A6-AIS inputs. For each WE high to 
low transition during the page write operation, A6-AIS must be 
the same. 


The AO to AS inputs are used to specify which words within the 
page are to be written. The words may be loaded in any order 
and may be altered within the same load period. Only words 
which are specified for writing will be written; unnecessary 
cy- 
cling of other words within the page does not occur. 


Device Operation 
(Continued) 


DATA POLLING: The AT28C1024 
features DATA Polling to 
indicate the end of a write cycle. During a single word or page 
write cycle an attempted read of the last data written will result 
in the complement 
of the written data to be presented on I/07 
and 1/015. Once the write cycle has been completed, true data 
is valid on all outputs, 
and the next write cycle may begin. 
DATA Polling may begin at anytime during the write cycle. 


TOGGLE 
BIT: In addition to DATA Polling the AT28C1024 
provides 
another 
method 
for determining 
the end of a write 
cycle. During the write operation, 
successive 
attempts to read 
data from the device will result in I/O 14 toggling between one 
and zero. Once the write has completed, 
1/014 will stop tog- 
gling and valid data will be read. Reading the toggle bit may 
begin at any time during the write cycle. 


DATA PROTECTION: 
If precautions are not taken, inadvertent 
writes may occur during transitions 
of the host system power 
supply. Atmel has incorporated both hardware and software fea- 
tures that will protect the memory against inadvertent writes. 


HARDWARE 
PROTECTION: 
Hardware 
features 
protect 
against inadvertent 
writes to the AT28C 1024 in the following 
ways: (a) Vcc sense - if Vcc is below 3.8 V (typical) the write 
function is inhibited; (b) Vee power-on delay - once Vee has 
reached 3.8 V the device will automatically 
time out 5 ms (typ- 
ical) before allowing a write: (c) write inhibit- 
holding anyone 
of OE low, CE high or WE high inhibits write cycles; (d) noise 
filter - pulses of less than 15 ns (typical) on the WE or CE inputs 
will not initiate a write cycle. 


SOFTWARE 
DATA 
PROTECTION: 
A software 
controlled 
data 
protection 
feature 
has 
been 
implemented 
on 
the 
AT28CI024. 
When 
enabled, 
the 
software 
data 
protection 


(SDP), will prevent inadvertent writes. The SDP feature may be 
enabled or disabled by the user; the AT28C 1024 is shipped from 
Atmel with SDP disabled. 
2 


SDP is enabled by the host system issuing a series of three write 
commands; 
three specific data words are written to three spe- 
cific addresses (refer to Software Data Protection 
Algorithm). 
After writing the three word command sequence and after twe 
the entire AT28C 1024 will be protected 
against 
inadvertent 
write operations. It should be noted, that once protected the host 
may 
still 
perform 
a 
single 
word 
or 
page 
write 
to 
the 
AT28CI024. 
This is done by preceding the data to be written by 
the same three word command sequence used to enable SDP. 


Once set, SDP will remain active unless the disable command 
sequence is issued. Power transitions 
do not disable SDP and 
SDP will protect the AT28C 1024 during power-up and power- 
down conditions. All command sequences must conform to the 
page write timing specifications. 
The data in the enable and dis- 
able command 
sequences 
is not written to the device and the 
memory addresses 
used in the sequence 
may be written with 
data in either a single word or page write operation. 


After setting SDP, any allemptto 
write to the device without the 
three word command sequence will start the internal write tim- 
ers. No data will be written to the device; however, for the dura- 
tion of twe, read operations 
will effectively 
be polling opera- 
tions. 


DEVICE IDENTIFICATION: 
An extra 64 words of E"ROM 
memory are available to the user for device identification. 
By 
raising A9 to 12 V ± 0.5 V and using address locations FFCOH 
to FFFFH the additional words 
may be written to or read from 
in the same manner as the regular memory array. 


Typ 
Max 
Units 
Conditions 


CIN 
I 
4 
10 
pF 
VIN = 0 V 


COUT 
I 
8 
12 
pF 
VOUT= 
0 V 


AlmEL 


AlmEL 


AT28C1024-12 
AT28C1024-15 
AT28C1 024-20 
AT28C0124-25 


Com. 
OOC- 70°C 
OOC-70°C 
OOC-70°C 
OOC- 70°C 
Operating 
Ind. 
-40°C - 85°C 
-40°C - 85°C 
-40°C - 85°C 
-40°C - 85°C 
Temperature 
(Case) 
Mil. 
-55°C - 125°C 
-55°C - 125°C 
-55°C - 12SOC 


Vee Power Supply 
5 V± 10% 
5 V± 
10% 
5 V± 10% 
5 V± 10% 


Mode 
CE 
OE 
WE 
1/0 


Read 
VIL 
VIL 
VIH 
- 
DOUT 


Write(2) 
-=- 
VIL 
VIH 
VIL 
DIN 


StandbylWrite 
Inhibit 
VIH 
x<1) 
X 
HighZ 


Write Inhibit 
X 
X 
VIH 


Write Inhibit 
. 


VIL 
X 
X 


Output Disable 
X 
VIH 
X 
HighZ 
Notes: 
I. X can be VlL or Vrn. 
2. Refer to A.C. Programming Waveforms. 


Symbol 
Parameter 
Condition 
Min 
Max 
Units 


III 
Input Load Current 
VIN = 0 V to Vee + 1 V 
10 
l!A 


ILO 
Output Leakage Current 
VI/O = 0 Vto Vee 
10 
l!A 


1561 
Vee Standby Current CMOS 
CE = Vee-0.3 V to Vee + 1 V 
400 
l!A 


1562 
Vee Standby Current TIL 
CE = 2.0 V to Vee + 1 V 
5 
-. 
mA 
- 
- 


Ice 
Vee Active Current 
f = 5 MHz; lOUT= 0 mA 
. 
100 
mA 


VIL 
Input Low Voltage 
0.8 
V 


VIH 
Input High Voltage 
2.0 
V 


VOL 
Output Low Voltage 
IOL= 2.1 mA 
s 
.45 
V 


VOH 
Output High Voltage 
IOH= -400 IlA 
2.4 
V 


AT28C1024·12 
AT28C1024-15 
AT28C1024·20 
AT28C1 024·25 


Symbol 
Parameter 
Min 
Max 
Min 
Max 
Min 
Max 
Min 
Max 
Units 


tAcc 
Address 
to Output 
Delay 
120 
150 
200 
250 
ns 


tCE (1) 
CE to Output 
Delay 
120 
150 
200 
250 
ns 


tOE (2) 
OE to Output 
Delay 
0 
60 
0 
70 
0 
80 
0 
100 
ns 


tDF (3.4) 
CE or OE to Output 
Float 
0 
55 
0 
55 
0 
60 
0 
70 
ns 


Output 
Hold from OE. CE 


tOH 
or Address. 
whichever 
0 
0 
0 
0 
ns 
occurred 
first 
• 


tCE 


tOE 


tDF 


tOH 


OUTPUT 
VALID 


Notes: 
1. CE may be delayed 
up to tACC - teE after the address 
transition 
without 
impact 
on tACC. 


2. OE may be delayed 
up to teE - toE after the falling 
edge 
of CE without 
impact 
on teE or by tACC - toE after an address 
change 
without 
impact 
on tACC. 


3. 
tDF is specified 
from OE or CE whichever 
occurs 
first 
(CL = 5 pF). 
4. 
This parameter 
is characterized 
and is not 100% tested. 


Input Test Waveforms and 
Measurement 
Level 


< 


3.0V 
AC 
DRIVING 
LEVELS 
O.OV 


AC 
MEASUREMENT 
LEVEL 


Output Test Load 


5.0V 


1. 


811 
OUTPUT 
PIN 


1.3K 
:& 100pF 
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Symbol 
Parameter 
Mln 
Max 
Units 


tAS, tOES 
Address, OE Set-up Time 
0 
ns 


IAH 
Address Hold Time 
50 
ns 


tcs 
Chip Select Set-up Time 
0 
ns 


tCH 
Chip Select Hold Time 
0 
os 


twp 
Write Pulse Width (WE or CEl 
100 
os 


tDS 
Data Set-up Time 
50 
os 


tDH,tOEH 
Data, OE Hold Time 
0 
os 


twc 
Write Cycle Time 
10 
ms 


tWP 


DATA 
_1_N 
--<<E=tD=S=======t=D=H 
3~---- 


tWP 


DATA 
_IN 
~<E=tD=S=======tD=H=3----- 


Symbol 
Parameter 
Mln 
Max 
Units 


twc 
Write Cycle Time 
10 
, 
ms 


tAs 
Address Set-up Time 
0 
ns 


tAH 
Address Hold Time 
50 
ns 


tos 
Data Set-up Time 
50 
ns 


tOH 
Data Hold Time 
0 
0 
ns 


twp 
Write Pulse Width 
100 
ns 


talc 
Byte Load Cycle Time 
150 
lIS 


twPH 
Write Pulse Width High 
50 
ns 


_____ 
!~--------------/II-( 
------------//-- 


X~_----t~ 


WOR03 
~ 
WOR062~ 
I 


!-twc--1 


AlmlL 
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Software Data 
1 
Protection Enable Algorithm ( ) 


Software Data 
1 


Protection Disable Algorithm ( ) 


LOAD LAST WORD 


TO 
LAST ADDRESS 


LOADDATAXXXX 
TO 
ANY ADDRESS (4) 


Notes: 
1. Data Format: I/O 15 - IJOO (Hex); 


Address Format: A15 - AO(Hex). 


2. Write Protect state will be activated at end of write even if no 
other data is loaded. 
3. Write Protect state will be deactivated at end of write period 
even if no other data is loaded. 
4. 1 to 64 words of data are loaded. 


~--------~7/ 
/-- 


~--------~7/ 
/-- 


--~ 
WORD62 
WORD63f-- tWc--1 


Notes: 
A6 through A15 mus~ecify 
the same page address during each high to low 
transition of WE (or CE) after the software code has been entered. 
DE must be high only when WE and CE are both low. 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 


tOH 
Data Hold Time 
0 
ns 


tOEH 
OE HoidTime 
0 
ns 


tOE 
OE to Output Delay 
100 
ns 


twR 
Write Recovery Time 
0 
ns 


Data Polling Waveforms 


WE 


AO-A15 
A_n~X 
An 
X 
An 
~ 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 


tOH 
Data Hold Time 
. 


10 
ns 


tOEH 
OEHoldTime 
10 
ns 


tOE 
OE to Output Delay 
100 
ns 


tOEHP 
OE High Pulse 
150 
ns 


twR 
Write Recovery Time 
0 
. 
ns 


Toggle Bit Waveforms 


WE 


Notes: 
I. Toggling either OE or CE or both OE and CE will operate toggle bit. 
2. Beginning and ending state of 1/014 will vary. 
3. Any address location may be used but the address should not vary. 


AlmlL 
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lAce 
Icc(mA) 
Ordering Code 
Package 
Operation 
Range 
(ns) 
Active 
Standby 


120 
100 
0.4 
AT28C 1024-12BC 
40B 
Commercial 


AT28C 1024-12LC 
44L 
(0° to 70°C) 


AT28C1024-12BI 
40B 
Industrial 


AT28C1024-12L1 
44L 
(-40° to 85°C) 


150 
100 
0.4 
AT28C1024-15BC 
40B 
Commercial 


AT28C1024-15LC 
44L 
(0° to 70°C) 


AT28C1024-15BI 
40B 
Industrial 


AT28C1024-15L1 
44L 
(-40° to 85°C) 


AT28C 1024-15BM 
40B 
Military 


AT28C 1024-15LM 
44L 
(-55°C to 125°C) 


AT28C 1024-15BM/883 
40B 
Military/883C 


AT28C1024-15LM/883 
44L 
Class B, Fully Compliant 
(-55°C to 125°C) 


200 
100 
0.4 
AT28C1024-20BC 
40B 
Commercial 


AT28C1024-20LC 
44L 
(0° to 70°C) 


AT28C1024-20BI 
40B 
Industrial 


AT28C1024-20Ll 
44L 
(-40° to 85°C) 


AT28C1024-20BM 
40B 
Military 


AT28C1024-20LM 
44L 
(-55°C to 125°C) 


AT28C 1024-20BM/883 
40B 
Military/883C 


AT28C 1024-20LM/883 
44L 
Class B, Fully Compliant 


(-55°C to 125°C) 


250 
100 
0.4 
AT28C1024-25BC 
40B 
Commercial 


AT28C1024-25LC 
44L 
(0° to 70°C) 


AT28C1024-W 
DIE 


AT28C1024-25BI 
40B 
Industrial 


AT28C1024-25L1 
44L 
(-40° to 85°C) 


AT28C1024-25BM 
40B 
Military 


AT28C1024-25LM 
44L 
(-55°C to 125°C) 


AT28C 1024-25BM/883 
40B 
Military/883C 


AT28C 1024-25LM/883 
44L 
Class B, Fully Compliant 
(-55°C to 125°C) 


Package Type 


40B 
40 Lead, 0.600· Wide, Ceramic Side Braze Duallnline 
(Side Braze) 


44L 
44 Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC) 


W 
Die 


Features 


• 
Fast Read Access Time - 120 ns 
• 
Automatic 
Page Write Operation 
Internal Address and Data Latches for 128 Bytes 
Internal Control Timer 
• 
Fast Write Cycle Time 
Page Write Cycle Time - 10 ms maximum 
1 to 128 Byte Page Write Operation 
• 
Low Power Dissipation 
80 mA Active Current 
300 ~ 
CMOS Standby Current 


• 
Hardware and Software Data Protection 


• 
DATA Polling for End of Write Detection 


• 
High Reliability CMOS Technology 
Endurance: 
104 or 105 Cycles 
Data Retention: 
10 years 


• 
Single 5 V ± 100k Supply 


• 
CMOS and TIL 
Compatible 
Inputs and Outputs 


• 
JEDEC Approved 
Byte-Wide Pinout 


• 
Full Military, Commercial 
and Industrial Temperature 
Ranges 


1 Megabit 
(128K x 8) 
Paged 
CMOS 
E2pROM 


Description 


The AT28COlO is a high-performance 
Electrically 
Erasable and Programmable 
Read Only 


Memory. Its one megabit of memory is organized as 13I ,072 words by 8 bits. Manufactured 
with Atmel's advanced nonvolatile CMOS technology, the device offers access times to 120 
ns with power dissipation of just 440 mW. When the device is deselected, the CMOS standby 
current is less than 300 ~. 


The AT28COlO is accessed like a Static RAM for the read or write cycle without the need for 
external components. 
The device contains a 128-byte page register to allow writing of up to 


128 bytes simultaneously. 
During a write cycle, the address and I to 128 bytes of data are 


internally latched, freeing the address and data bus for other operations. Following the initia- 
tion of a write cycle, the device will automatically 
write the latched data using an internal 


control timer. The end of a write cycle can be detected by DATA polling of I/07. Once the 
end of a write cycle has been detected a new access for a read or write can begin. 


Atmel's 
28COlO has additional 
features to ensure high quality and manufacturability. 
The 


device utilizes internal error correction 
for extended endurance and improved data retention 


characteristics. 
An optional software data protection mechanism is available to guard against 


inadvertent writes. The device also includes an extra 128 bytes of E2PROM for device iden- 
tification or tracking. 


Top View 


A15 NC 
NC 
VCC 
NC 
A14 
A16 
NC NC WE 
NC 


6424404240 
A12 
7 
5 
3 
1 
043 41 
39 
A13 
A7 
8 
38 
AS 
AS9 
37A9 
A5 
10 
36 
All 
NC 
11 
35 
NC 
NC 
12 
34 
NC 
NC 
13 
33 
NC 
A4 
14 
32 
NC 
A3 
15 
31 
OE 
/J.2. 
16 
30 
Al0 


'" 
17 
19 
21 
23 
25 
27 
29 
BE 
18 
20 
22 
24 
26 
28 


voo 
1102 NC 
1104 1106 
NJ 
1/01 VSS 1103\105 1107 


Pin Name 
Function 


AO-A16 
Addresses 


CE 
Chip Enable 


OE 
Output Enable 


WE 
Write Enable 


1/00-1/07 
Data 
Inputs/Outputs 


NC 
No Connect 


NC 
VCC 


A16 
WE 
A15 
NC 
A12 
A14 
A7 
A13 
AS 
AS 
A5 
A9 
A4 
All 


A3 
OE 
A2 
Al0 
A1 
CE 


AD 
V07 
IlOO 
1106 


VOl 
1105 


1102 
1104 
GND 
1103 
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OE 


WE 


CE 


ADDRESS 
[ 


INPUTS 


OE, CEANDWE 
LOGIC 


Temperature 
Under Bias 
-55°C to +125°C 


Storage Temperature 
-65°C to +150oC 


All Input Voltages 
(including N.C. Pins) 
with Respect to Ground 
-0.6 V to +6.25 V 


All Output Voltages 
with Respect to Ground 
-0.6 V to Vcc +0.6 V 


Voltage on OE and A9 
with Respect to Ground 
-0.6 V to +13.5 V 


Device Operation 


READ: The AT28COlO is accessed like a Static RAM. When 
CE and OE are low and WE is high, the data stored at the mem- 
ory location determined 
by the address pins is asserted on the 
outputs. The outputs are put in the high impedance state when 
either CE or OE is high. This dual-line control gives designers 
flexibility in preventing bus contention in their system. 


BYTE WRITE: A low pulse on the WE or CE input with CE or 
WE low (respectively) 
and OE high initiates a write cycle. The 
address is latched on the falling edge of CE or WE, whichever 
occurs last. The data is latched by the first rising edge of CE or 
WE. Once a byte write has been started it will automatically 
time itself to completion. 


PAGE WRITE: The page write operation of the AT28COlO al- 
lows one to one hundred twenty-eight bytes of data to be written 
into the device during a single internal programming 
period. A 
page write operation is initiated in the same manner as a byte 
write; the first byte written can then be followed by one to one 
hundred twenty-seven 
additional 
bytes. Each successive 
byte 
must be written within 150 ~ (tBLC)of the previous byte. If the 


*NOTlCE: Stresses beyond those listed under "Absolute Maxi- 


mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


tBLClimit is exceeded the AT28COlO will cease accepting data 
and commence 
the internal programming 
operation. 
All bytes 


during a page write operation must reside on the same page as 
defined by the state of the A7-A16 inputs. For each WE high to 
low transition during the page write operation, 
A7 - AI6 must 
be the same. 


The AO to A6 inputs are used to specify which bytes within the 
page are to be written. The bytes may be loaded in any order and 
may be altered within the same load period. Only bytes which 
are specified for writing will be written; unnecessary 
cycling of 


other bytes within the page does not occur. 


DATA POLLING: 
The AT28COlO features DATA Polling to 


indicate the end of a write cycle. During a byte or page write 
cycle an attempted read of the last byte written will result in the 
complement 
of the written data to be presented on 1/07. Once 


the write cycle has been completed, true data is valid on all out- 
puts, and the next write cycle may begin. DATA Polling may 
begin at anytime during the write cycle. 


(continued on next page) 


Device Operation 
(Continued) 


TOGGLE 
BIT: In addition 
to DATA Polling the AT28COIO 
provides 
another 
method 
for determining 
the end of a write 
cycle. During the write operation, 
successive 
attempts to read 
data from the device will result in 1/06 toggling between one 
and zero. Once the write has completed, 1/06 will stop toggling 
and valid data will be read. Reading the toggle bit may begin at 
any time during the write cycle. 


DATA PROTECTION: 
If precautions are not taken, inadvertent 
writes may occur during transitions 
of the host system power 
supply. Atrnel has incorporated both hardware and software fea- 
tures that will protect the memory against inadvertent writes. 


HARDWARE 
PROTECTION: 
Hardware 
features 
protect 
against inadvertent 
writes to the AT28CO 10 in the following 
ways: (a) Vcc sense - if Vee is below 3.8 V (typical) the write 
function is inhibited; (b) Vee power-on delay - once Vee has 
reached 3.8 V the device will automatically 
time out 5 ms (typ- 
ical) before allowing a write: (c) write inhibit - holding anyone 
of OE low, CE high or WE high inhibits write cycles; (d) noise 
filter - pulses ofless than IS ns (typical) on the WE or CE inputs 
will not initiate a write cycle. 


SOFrWARE 
DATA 
PROTECTION: 
A software 
controlled 
data 
protection 
feature 
has 
been 
implemented 
on 
the 
AT28COI0. When enabled, the software data protection (SDP), 
will prevent 
inadvertent 
writes. The SDP feature may be en- 
abled or disabled by the user; the AT28COI0 is shipped from 
Atrnel with SDP disabled. 


SDP is enabled by the host system issuing a series of three write 
commands; three specific bytes of data are written to three spe- 
cific addresses 
(refer to Software Data Protection 
Algorithm). 
2 


After writing the three byte command 
sequence and after twe 
the entire AT28CO I0 will be protected against inadvertent write 
operations. It should be noted, that once protected the host may 
still perform a byte or page write to the AT28COlO. This is done 
by preceding the data to be written by the same three byte com- 
mand sequence used to enable SDP. 


Once set, SDP will remain active unless the disable command 
sequence is issued. Power transitions 
do not disable SDP and 
SDP will protect the AT28COlO during power-up and power- 
down conditions. All command sequences must conform to the 
page write timing specifications. 
The data in the enable and dis- 
able command 
sequences 
is not written to the device and the 
memory addresses 
used in the sequence 
may be written with 
data in either a byte or page write operation. 


After sctting SDP, any attempt to write to the device without the 
three byte command sequence will start the internal write tim- 
ers. No data will be written to the device; however, for the dura- 
tion of twe, read operations 
will effectively 
be polling opera- 
tions. 


DEVICE IDENTIFICATION: 
An extra 128 bytes of E2PROM 
memory arc available to the user for device identification. 
By 
raising A9 to 12 V ± 0.5 V and using address locations IFF80H 
to IFFFFH the bytes may be written to or read from in the same 
manner as the regular memory array. 


Typ 
Max 
Units 
Conditions 


CIN 
I 
4 
10 
pF 
VIN = 0 V 


COUT 
I 
8 
12 
pF 
VOUT= 0 V 


AlmEL 


AlmEL 


AT28C01G-12 
AT28C01G-15 
AT28C01G-20 
AT28C01G-25 


Com. 
OOC- 70°C 
OOC-70°C 
OOC- 70°C 
OOC-70°C 


Operating 
Ind. 
-40°C - 85°C 
-40°C - 85°C 
-40°C - 85°C 
-40°C - 85°C 
Temperature 
(Case) 
Mil. 
-55°C - 125°C 
-55°C - 125°C 
-55°C - 125°C 
-55°C - 125°C 


Vee Power Supply 
5 V± 10% 
5 V± 
10% 
5 V± 10% 
5 V± 10% 


Mode 
CE 
OE 
WE 
110 


Read 
VIL 
VIL 
VIH 
DOUT 


Write(2) 
VIL 
VIH 
VIL 
DIN 


StandbylWrite 
Inhibit 
VIH 
x(1) 
X 
HighZ 


Write Inhibit 
X 
X 
VIH 


Write Inhibit 
X 
VIL 
X 


Output Disable 
X 
VIH 
X 
HighZ 


Notes: 
1. X can be VIL or Vrn. 
2. Refer to A.C. Programming Waveforms. 


Symbol 
Parameter 
Condition 
Mln 
Max 
Units 


III 
Input Load Current 
VIN = 0 V to Vee + 1 V 
10 
J.1A 


ILO 
Output Leakage Current 
VI/O= 0 Vto Vee 
10 
J.1A 


ISBl 
Vee Standby Current CMOS 
CE = Vee-0.3 V to Vee + 1 V 
300 
J.1A 


ISB2 
Vee Standby Current TIL 
CE = 2.0 V to Vee + 1 V 
3 
mA 


Ice 
Vee Active Current 
f = 5 MHz; lOUT= 0 mA 
80 
mA 


VIL 
Input Low Voltage 
0.8 
V 


VIH 
Input High Voltage 
2.0 
V 


VOL 
Output Low Voltage 
IOL= 2.1 mA 
.45 
V 


VOHl 
Output High Voltage 
IOH= -400 J.1A 
2.4 
V 


VOH2 
Output High Voltage CMOS 
IOH=- 100 J.1A;Vee = 4.5 V 
4.2 
V 


AT28C01o.12 
AT28C01o.15 
AT28C01 0.20 
AT28C01o.25 


Symbol 
Parameter 
Min 
Max 
Min 
Max 
Min 
Max 
Min 
Max 
Units 


lAcc 
Address to Output Delay 
120 
150 
200 
250 
ns 


tCE (1) 
CE to Output Delay 
120 
150 
200 
250 
ns 


tOE (2) 
OE to Output Delay 
0 
50 
0 
55 
0 
55 
0 
55 
ns 
tOF (3,4) CE or OE to Output Float 
0 
50 
0 
55 
0 
55 
0 
55 
ns 


Output Hold from OE, CE 
tOH 
or Address, whichever 
0 
0 
0 
0 
ns 
occurred first 
• 


OUTPUT 
VALID 


Notes: 
1. CE may be delayed 
up to tACC - IcE after the address 
transition 
without 
impact 
on tACC. 
2. DE may be delayed 
up to IcE - toE after the falling 
edge 
of CE without 
impact 
on IcE or by tACC - toE after an address 
change 
without 
impact 
on tACC. 


3. 
tDF is specified 
from DE or CE whichever 
occurs 
fITst 
(CL =5pF). 
4. 
This parameter 
is characterized 
and is not 100% tested. 


< 


3.0V 
AC 
DRIVING 
LEVELS 
O.OV 


AC 
MEASUREMENT 
LEVEL 


Output Test Load 


5.0V 
1.811 
OUTPUT 
PIN 


1.3K 
:& 100pF 


Input Test Waveforms 
and 


Measurement 
Level 


AlmEL 


Symbol 
Parameter 
Min 
Max 
Units 


tAS, tOEs 
Address, OE Set-up Time 
0 
ns 


IAH 
Address Hold Time 
50 
ns 


tcs 
Chip Select Set-up Time 
0 
ns 


tCH 
Chip Select Hold Time 
0 
ns 


twp 
Write Pulse Width (WE or CE) 
100 
ns 


tos 
Data Set-up Time 
50 
ns 


tOH,toEH 
Data, OE Hold Time 
0 
ns 


twc 
Write Cycle Time 
10 
ms 


tWP 


DATA 
_1_N 
---<<E=tD=S=======t=D=H 3----- 


tWP 


DATA 
_IN 
~<E=tD=S=======t=D=H 3~---- 


Symbol 
Parameter 
Mln 
Max 
Units 


twc 
Write Cycle Time 
10 
ms 


lAs 
Address Set-up Time 
0 
ns 


tAH 
Address Hold Time 
50 
ns 


tDS 
Data Set-up Time 
50 
ns 


tDH 
Data Hold Time 
0 
ns 


twp 
Write Pulse Width 
100 
ns 


tSlC 
By1e Load Cycle Time 
150 
J.I.S 


tWPH 
Write Pulse Width High 
50 
ns 


___ /--------------~/I~l----------/I-- 


__ x 
~ 


BYTE'26~ 
I 


~tWC--J 


Notes: 
A7 through A16 must specify the page address during each high to 
low transition of WE (or CE). 
OE must be high only when WE and CE are both low. 


• 


AlmEL 


Software Data 
I 
Protection Enable Algorithm ( ) 


Software Data 
I 


Protection Disable Algorithm ( ) 


Notes: 
1. Dala Format: 1/07 - 1/00 (Hex); 
Address Format: A14 - AO(Hex). 
2. Write Protect state will be activated at end of write even if no 
other data is loaded. 
3. Write Protect slale will be deactivated at end of wrile period 
even if no other data is loaded. 
4. 1 to 128 bytes of data are loaded. 


~---------~7/ 
/---- 


~---------~7/ 
~ 


r--~~ 
BYTE 126 
BYTE 127I-- IWc---J 


AO-AI4 must conform to the addressing sequence for the first three bytes as shown above. 
After the command sequence has been issued and a page write operation follows, theEge 
address inputs (A7-A16) must be the same for each high to low transition of WE (or CE). 
DE must be high only when WE and CE are both low. 


Data Polling Characteristics(l) 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 


tOH 
Data Hold Time 
10 
ns 


10 


- 


tOEH 
OE HoklTime 
ns 


tOE 
OE to Output Delay 
100 
ns 


twR 
Write Recovery Time 
0 
ns 


Data Polling Waveforms 


WE 


AO-A16 
A_n_X 
An 
X 
An 
~ 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 


tOH 
Data Hold Time 
10 
ns 


tOEH 
OEHoldTime 
10 
ns 


tOE 
OE to Output Delay 
100 
ns 


tOEHP 
OE High Pulse 
150 
ns 


twR 
Write Recovery Time 
0 
ns 


Toggle Bit Waveforms 


WE 


.Notes: 
1.Toggling either OE or CE or both OE and CE will operate toggle bit. 
2. Beginning and ending state of I/06 will vary. 
3. Any address location may be used but the address should not vary. 
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tACC 
Icc(mA) 
Ordering Code 
Package 
Operation 
Range 
(ns) 
Active 
Standby 


120 
80 
0.3 
AT28C010-12BC 
(E) 
32B 
Commercial 


AT28C010-12FC 
32F 
(0° to 70°C) 


AT28C010-12LC 
(E) 
44L 


AT28C010-12BI 
(E) 
32B 
Industrial 


AT28C010-12FI 
32F 
(-40° to 85°C) 


AT28C010-12L1 (E) 
44L 


AT28C010-12BM 
(E) 
32B 
Military 


AT28C010-12FM 
32F 
(-55°C to 125°C) 


AT28C010-12LM 
(E) 
44L 


AT28C010-12BM/883 
(E) 
32B 
Military/883C 


AT28C010-12FM/883 
32F 
Class B. Fully Compliant 


AT28C010-12LM/883 
(E) 
44L 
(-55°C to 125°C) 


150 
80 
0.3 
AT28C010-15BC 
(E) 
32B 
Commercial 


AT28C010-15FC 
32F 
(0° to 70°C) 


AT28C010-15LC 
(E) 
44L 
AT28C010-15UC 
30U 
AT28C010-15VC 
V 


AT28C010-15BI 
(E) 
32B 
Industrial 


AT28C010-15FI 
32F 
(-40° to 85°C) 


AT28C010-15L1 (E) 
44L 
AT28C010-15UI 
30U 
AT28C010-15VI 
V 


AT28C010-15BM 
(E) 
32B 
Military 


AT28C010-15FM 
32F 
(-55°C to 125°C) 


AT28C010-15LM 
(E) 
44L 
AT28C010-15UM 
30U 
AT28C010-15VM 
V 


AT28CO 10-15BM/883 
(E) 
32B 
Military/883C 


AT28C010-15FM/883 
32F 
Class B. Fully Compliant 


AT28C010-15LM/883 
(E) 
44L 
(-55°C to 125°C) 


AT28C010-15UM/883 
30U 


200 
80 
0.3 
AT28C010-20BC 
(E) 
32B 
Commercial 


AT28C010-20FC 
32F 
(0° to 70°C) 


AT28C010-20LC 
(E) 
44L 
AT28C010-20UC 
30U 
AT28C01 0-20VC 
V 


AT28C010-20BI 
(E) 
32B 
Industrial 


AT28C010-20FI 
32F 
(-40° to 85°C) 


AT28C010-20Ll 
(E) 
44L 
AT28C010-20UI 
30U 
AT28C010-20VI 
V 


AT28C010-20BM 
(E) 
32B 
Military 


AT28C010-20FM 
32F 
(-55°C to 125°C) 


AT28C010-20LM 
(E) 
44L 
AT28C010-20UM 
30U 
AT28CO 10-20VM 
V 


tACC 
Icc(mA) 
Ordering Code 
Package 
Operation 
Range 
(ns) 
Active 
Standby 


200 
80 
0.3 
AT28C01 0-20BM1883 (E) 
32B 
Military1883C 
AT28C010-20FM1883 
32F 
Class B, Fully Compliant 
AT28C010-20LM/883 
(E) 
44L 
(-55°C to 125°C) 
AT28C010-20UM/883 
30U 


250 
80 
0.3 
AT28C010-25BC 
(E) 
32B 
Commercial 
AT28C010-25FC 
32F 
(0° to 70°C) 
AT28C010-25LC 
(E) 
44L 
AT28C010-25UC 
30U 
AT28C010-25VC 
V 
AT28C010-W 
DIE 


AT28C010-25BI 
(E) 
32B 
Industrial 
AT28C010-25FI 
32F 
(-40° to 85°C) 
AT28C010-25L1 (E) 
44L 
AT28C010-25UI 
30U 
AT28C010-25VI 
V 


AT28C010-25BM 
(E) 
32B 
Military 
AT28C010-25FM 
32F 
(-55°C to 125°C) 
AT28C010-25LM 
(E) 
44L 
AT28C010-25UM 
30U 
AT28C010-25VM 
V 


AT28C010-25BM/883 
(E) 
32B 
Military/883C 
AT28C010-25FM/883 
32F 
Class B, Fully Compliant 
AT28C010-25LM/883 
(E) 
44L 
(-55°C to 125°C) 
AT28C010-25UM/883 
30U 


120 
80 
0.3 
5962-38267 
07M XX 
32B 
Military/883C 
5962-38267 
07M YX 
44L 
Class B, Fully Compliant 
5962-38267 
07M ZX 
32F 
(-55°C to 125°C) 


150 
80 
0.3 
5962-38267 
05M XX 
32B 
Military/883C 
5962-38267 
05M YX 
44L 
Class B, Fully Compliant 
5962-38267 
05M ZX 
32F 
(-55°C to 125°C) 


200 
80 
0.3 
5962-38267 
03M XX 
32B 
Military/883C 
5962-38267 
03M YX 
44L 
Class B, Fully Compliant 
5962-38267 
03M ZX 
32F 
(-55°C to 125°C) 


250 
80 
0.3 
5962-38267 
01 M XX 
32B 
Military/883C 
5962-38267 
01 M YX 
44L 
Class B, Fully Compliant 
5962-38267 
01 M ZX 
32F 
(-55°C to 125°C) 


• 
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Package Type 


32B 
32 Lead, 0.600' 
Wide, Ceramic Side Braze Duallnline 
(Side Braze) 


32F 
32 Lead, Non-Windowed, Ceramic Bottom-Brazed Flat Package (Flatpack) 


44L: 
44 Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC) 


30U 
30 Pin, Ceramic Pin Grid Array (PGA) 


V 
Tape Automated Bond (TAB) Carrier 


W 
Die 


Options 


Blank 
Standard Device: Endurance = 10K Write Cycles; Write Time = 10 ms 


E 
High Endurance Option: Endurance = 1OOK Write Cycles 


GNO 
, 
32 
VCC 
A'. 
2 
3' 
WE 
A'S 
3 
30 
A17 
A'2 , 
29 
A" 
Pin Name 
A7 
S 
28 
A'3 
AS 
• 
27 
A8 
AO-A17 
Addresses 
AS 
7 
2. 
A. 


CE 
A' 
8 
2S 
A11 
Chip Enable 
A3 
• 
2' 
OE 
DE 
Output Enable 
A2 
'0 
23 
A'O 
A' 
11 
22 
CE 
WE 
Write Enable 
AO 
'2 
2' 
V07 
VOO 
'3 
20 
vas 
1/00-1/07 
Data InputslOulpuls 
vo, 
" 
1. 
VOS 
V02 
'S 
18 
VO' 
GNO ,. 
17 
V03 


AlmEL 
2-195 


Features 


• 
Fast Read Access Time· 
150 ns 
• 
Automatic 
Page Write Operation 
Internal Address and Data Latches for 128 Bytes 
Internal Control Timer 
• 
Fast Write Cycle Time 
Page Write Cycle Time· 
10 ms maximum 
1 to 128 Byte Page Write Operation 
• 
Low Power Dissipation 
80 mA Active Current 
5 mA CMOS Standby Current 
• 
Hardware and Software Data Protection 
• 
OAT A Polling for End of Write Detection 
• 
High Reliability CMOS Technology 
Endurance: 
104 Cycles 
Data Retention: 
10 years 
• 
Single 5 V ± 10"'{'Supply 
• 
CMOS and TTL Compatible 
Inputs and Outputs 
• 
JEDEC Approved 
Byte-Wide 
Pinout 
• 
Full Military, Commercial 
and Industrial Temperature 
Ranges 


Description 


The AT28MC020 
is a high-performance 
Electrically Erasable and Programmllble,ReadQnly 
Memory. Its two megabits of memory is organized as 262,144 words by 8 bits.M..nufact~i 
with Atmel's advanced nonvolatile CMOS technology, the device offdsaccess 
times to ISO 


,liS with power dissipation of just 440 mW. When the device is deselecteq. 
MOSstapdby 


current is less than 53 mA." 
' 


The AT28MC020 
is accessed like a Static RAM for the read or', 
uithe need 


for external components. 
The device contains a 128-byte page register 
"".writing of up 
to 128 bytes simultaneously. 
During a write cycle, the addre~llQd 
fto128. 
bytes of data are 


internally latched, freeing the address and data bus for other operations. 'Following the initia- 
tion of a write cycle, the device will automatically 
write the latcjJed.,data using an internal 


control timer. The end of a write cycle can be detected by DATA'polling 
of 1/07. Once the 


end of a write cycle has been detected a ne""accessfot 
a read or write can begin. 


Atmel's 28MC020 has additional 
featurfl$.tpe~sure 
highqul!lity 
and manufacturability. 
The 
device utilizes internal error correctiort"foi extellded endurance and improved data retention 
characteristics. 
An optional softwarel'hwi'pl"Ot¢tion 
ml;chanism is available to guard against 


inadvertent writes. 
•.. 


• 
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OE 


WE 


CE 


ADDRESS 
[ 


INPUTS 


OE, CEANDWE 
LOGIC 


Temperature 
Under Bias 
-55°C to +125°C 


Storage Temperature 
-65°C to +150oC 


All Input Voltages 
(including N.C. Pins) 
with Respect to Ground 
-0.6 V to +6.25 V 


All Output Voltages 
with Respect to Ground 
-0.6 V to Vcc +0.6 V 


Voltage on OE and A9 
with Respect to Ground 
-0.6 V to +13.5 V 


Device Operation 


READ: The AT28MC020 is accessed like a Static RAM. When 
CE and OE are low and WE is high, the data stored at the mem- 
ory location determined 
by the address pins is asserted on the 


outputs. The outputs are put in the high impedance state when 
either CE or OE is high. This dual-line control gives designers 
flexibility in preventing bus contention in their system. 


BYTE WRITE: A low pulse on the WE or CE input with CE or 
WE low (respectively) 
and OE high initiates a write cycle. The 


address is latched on the falling edge of CE or WE, whichever 
occurs last. The data is latched by the flISt rising edge of CE or 
WE. Once a byte write has been started it will automatically 
time itself to completion. 


PAGE WRITE: The page write operation of the AT28MC020 
allows one to one hundred twenty-eight bytes of data to be writ- 
ten into the device during a single internal programming 
period. 
A page write operation is initiated in the same manner as a byte 
write; the first byte written can then be followed by one to one 
hundred 
twenty-seven 
additional 
bytes. Each successive 
byte 
must be written within 150 J.1S (tBLc) of the previous byte. If the 


CELL MATRIX 


IDENTIFICATION 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


tBLC limit is exceeded 
the AT28MC020 
will cease accepting 


data and commence 
the internal programming 
operation. 
All 


bytes during a page write operation 
must reside on the same 


page as defined by the state of the A7-A17 inputs. For each WE 
high to low transition during the page write operation, A7 - AI7 
must be the same. 


The AO to A6 inputs are used to specify which bytes within the 
page are to be written. The bytes may be loaded in any order and 
may be altered within the same load period. Only bytes which 
are specified for writing will be written; unnecessary 
cycling of 


other bytes within the page does not occur. 


DATA POLLING: The AT28MC020 features DATA Polling to 
indicate the end of a write cycle. During a byte or page write 
cycle an attempted read of the last byte written will result in the 
complement 
of the written data to be presented on 1/07. Once 


the write cycle has been completed, true data is valid on all out- 
puts, and the next write cycle may begin. DATA Polling may 
begin at anytime during the write cycle. 


(continued 
on next page) 


Device Operation 
(Continued) 


TOGGLE BIT: In addition to DATA Polling the AT28MC020 
provides 
another 
method 
for determining 
the end of a write 
cycle. During the write operation, 
successive 
attempts to read 
data from the device will result in 1/06 toggling between one 
and zero. Once the write has completed, 1/06 will stop toggling 
and valid data will be read. Reading the toggle bit may begin at 
any time during the write cycle. 


DATA PROTECTION: 
If precautions are not taken. inadvertent 


writes may occur during transitions 
of the host system power 


supply. Atmel has incorporated both hardware and software fea- 
tures that will protect 
the memory against inadvertent writes. 


HARDWARE 
PROTECTION: 
Hardware 
features 
protect 


against inadvertent 
writes to the AT28MC020 
in the following 
ways: (a) Vcc sense - if Vee is below 3.8 V (typical) the write 
function is inhibited; (b) Vcc power-on delay - once Vcc has 
reached 3.8 V the device will automatically 
time out 5 ms (typ- 
ical) before allowing a write: (c) write inhibit - holding anyone 
of OE low. CE high or WE high inhibits write cycles; (d) noise 
filter - pulses ofless than 15 ns (typical) on the WE or CE inputs 
will not initiate a write cycle. 


SOFIWARE 
DATA PROTECTION: 
A software 
controlled 
data 
protection 
feature 
has 
been 
implemented 
on 
the 
AT28MC020. 
When 
enabled, 
the software 
data 
protection 


(SDP). will prevent inadvertent writes. The SDP feature may be 
enabled or disabled by the user; the AT28MC020 
is shipped 
from Atrnel with SDP disabled. 


SDP is enabled by the host system issuing a series of three write 
commands; three specific bytes of data are written to three spe- 
cific addresses (refer to Software Data Protection 
Algorithm). 
2 


After writing the three byte command 
sequence and after twe 
the selected 
quadrant 
pointed 
to by AI? 
will be protected 
against inadvertent write operations. 
Because the AT28MC020 
is comprised of two discrete memory devices the user must per- 
form the three byte command sequence twice: once to the lower 
half with AI? = 0; and once to the upper half with AI? = 1. 


It should be noted, that once protected the host may still perform 
a byte or page write to the AT28MC020. This is done by preced- 
ing the data to be written by the same three byte command se- 
quence used to protect the device. 


Once set, SDP will remain active unless the disable command 
sequence is issued. Power transitions 
do not disable SDP and 
SDP will protect the AT28MC020 during power-up and power- 
down conditions. All command sequences must conform to the 
page write timing specifications. 
The data in the enable and dis- 
able command 
sequences 
is not written to the device and the 
memory addresses 
used in the sequence 
may be written with 
data in either a byte or page write operation. 


After setting SDP, any attempt to write to the device without the 
three byte command sequence will start the internal write tim- 
ers. No data will be written to the device; however, for the dura- 
tion of twe. read operations 
will effectively 
be polling opera- 
tions. 


Typ 
Max 
Units 
Conditions 


CIN 
I 
20 
40 
pF 
VIN = 0 V 


COUT 
I 
20 
40 
pF 
VOUT= 0 V 
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AT28MC02D-15 
AT28MC02D-20 
AT28MC02D-25 


Com. 
OOC-70°C 
OOC-70°C 
OOC-70°C 


Operating 
Ind. 
-40°C - 85°C 
-40°C - 85°C 
-40°C - 85°C 
Temperature 
(Case) 
Mil. 
-55°C - 125°C 
-55°C - 125°C 
-55°C - 125°C 


Vee Power Supply 
5 V± 10% 
5 V± 10% 
5 V± 10% 


Mode 
CE 
OE 
WE 
110 


Read 
VIL 
VIL 
VIH 
DOUT 


Write(2) 
VIL 
VIH 
VIL 
DIN 


StandbyIWrite 
Inhibit 
VIH 
x(1) 
X 
HighZ 


Write Inhibit 
X 
X 
VIH 


Write Inhibit 
X 
VIL 
X 


Output Disable 
X 
VIH 
X 
HighZ 
Notes: 
1. X can be VII.or Vrn. 
2. Refer to A.C. Programming Waveforms. 


Symbol 
Parameter 
Condition 
Mln 
Max 
Units 


III 
Input Load Current 
VIN = 0 V to Vee + 1 V 
20 
l!A 


ILO 
Output Leakage Current 
VI/O= 0 Vto Vee 
20 
l!A 


I5Bl 
Vee Standby Current CMOS 
CE = Vee-0.3 V to Vee + 1 V 
5 
mA 


I5B2 
Vee Standby Current TIL 
CE = 2.0 V to Vee + 1 V 
8 
mA 


Ice 
Vee Active Current 
f = 5 MHz; lOUT= 0 mA 
80 
mA 


VIL 
Input Low Voltage 
0.8 
V 


VIH 
Input High Voltage 
2.0 
V 


VOL 
Output Low Voltage 
IQL= 2.1 mA 
.45 
V 


VOH 
Output High Voltage 
IOH= -400~A 
2.4 
V 


AT28MC02D-15 
AT28MC02D-20 
AT28MC02D-25 


Symbol 
Parameter 
Min 
Max 
Min 
Max 
Min 
Max 
Units 


tACC 
Address 
to Output 
Delay 
150 
200 
250 
ns 


tCE (1) 
CE to Output 
Delay 
150 
200 
250 
ns 


tOE (2) 
OE to Output 
Delay 
0 
70 
0 
80 
0 
100 
ns 
tDF (3,4) 
CE or OE to Output 
Float 
0 
55 
0 
60 
0 
70 
ns 


tOH 
Output 
Hold from OE, CE or 
0 
0 
0 
ns 
Address, 
whichever 
occurred 
first 
• 


OUTPUT 
VALID 


Notes: 
J. CE may be delayed up to tACC- teE after the address transition 
without impact on tACC. 


2. OE may be delayed up to teE - toE after the falling edge 
of CE without impact on teE or by tACC- toE after an address 
change without impact on tACC. 


3. tDFis specified from OE or CE whichever occurs first 
(CL = 5 pF). 


4. This parameter is characterized and is not 100% tested. 


Input Test Waveforms and 
Measurement 
Level 


< 


3.0V 
AC 
DRIVING 
LEVELS 
O.OV 


AC 
MEASUREMENT 
LEVEL 


Output Test Load 


5.0V 
1.8:11 
OUTPUT 
PIN 


1.3K 
~ 
100pF 


AlmEL 


AlmEL 


Symbol 
Parameter 
Mln 
Max 
Units 


IAs. tOES 
Address, DE Set-up Time 
10 
ns 
IAH (1) 
Address Hold Time 
100 
ns 


tcs 
Chip Select Set-up Time 
0 
ns 


tCH 
Chip Select Hold Time 
0 
ns 


twP 
Write Pulse Width (WE or CEl 
150 
ns 


tos 
Data Set-up Time 
100 
ns 


tOH,tOEH 
Data, DE Hold Time 
10 
ns 


twc 
Write Cycle Time 
10 
ms 


A.C. Write Waveforms- 
WE Controlled 


DE 


tWP 


DATA 
_1_N 
~<£=tD=S=======t=D=H 3~---- 


tWP 


DATA 
_IN 
<£=tD=S=======t=D=H3----- 


Symbol 
Parameter 
Mln 
Max 
Units 


!Wc 
Write Cycle Time 
10 
ms 


!As 
Address Set-up Time 
10 
ns 


!AH (1) 
Address Hold Time 
100 
ns 


tos 
Data Set-up Time 
100 
ns 


tOH 
Data Hold Time 
10 
ns 


twp 
Write Pulse Width 
150 
ns 


tSLC 
By1e Load Cycle Time 
150 
IJ.S 


!WPH 
Write Pulse Width High 
50 
ns • 


---~/---------------/I~(----------/I-- 


x__ ~:~ 


BYTE'26~ 
I 


!--tWC-j 


Notes: 
A7 through AI7 must specify the same page address during each 
high to low transition of WE (or CE). 
DE must be high only when WE and CE are both low. 
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Software Data 
156 
Protection Enable Algorithm ( . , ) 
Software Data 
(1 56) 


Protection Disable Algorithm 
.. 


Notes: 
1. Data Format: 1107 - I/OO (Hex); 
Address Format: A14 - AO(Hex). 


2. Write Protect state will be activated at end of write even if no 
other data is loaded. 
3. Write Protect state will be deactivated at end of write period 
even if no other data is loaded. 
4. 1 to 128 bytes of data are loaded. 
5. A17 must address page to be wrinen. 
6. The quadrant determined by A17 acts independently. 


-----------.'7/ 
~ 


-----------.'7/~ 
~-~ 
BYTE126 
BYTE127I-- tWc-----J 


AD-A14 must conform to the addressing sequence for the first three bytes as shown above. 1naddition, for each 
write during this command sequence A17 must be the same. 
After the command sequence has been issued and a~e 
write operation follows, the page address inputs (A7-A17) 


must be the same for each high to low transition of WE (or CE). 
OE must be high only when WE and CE are both low. 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 


tDH 
Data Hold Time 
10 
ns 


tOEH 
OE Hold Time 


~. 
10 
ns 


tOE 
OE to Output Delay 
100 
ns 


twR 
Write Recovery Time 
0 
ns 


Data Polling Waveforms 


WE 


AO-A17 
A_n~X 
An 
X 
An 
;; 
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fAce 
Icc(mA) 
Ordering Code 
Package 
Operation Range 
(ns) 
Active 
Standby 


150 
80 
0.5 
AT28MC020-15ZC 
32Z 
Commercial 
(0° to 70°C) 


AT28MC020-15ZI 
32Z 
Industrial 


(-40° to 85°C) 


AT28MC020-15ZM 
32Z 
Military 


(-55°C to 125°C) 


AT28MC020-15ZMB 
32Z 
Screened 
lAW M5004 


Military/883C 


Class B Components 


(-55°C to 125°C) 


200 
80 
0.5 
AT28MC020-20ZC 
32Z 
Commercial 
(0° to 70°C) 


AT28MC020-20ZI 
32Z 
Industrial 


(-40° to 85°C) 


AT28MC020-20ZM 
32Z 
Military 


(-55°C to 125°C) 


AT28MC020-20ZMB 
32Z 
Screened 
lAW M5004 


Military/883C 


Class B Components 


(-55°C to 125°C) 


250 
80 
0.5 
AT28MC020-25ZC 
32Z 
Commercial 
(0° to 70°C) 


AT28MC020-25ZI 
32Z 
Industrial 


(-40° to 85°C) 


AT28MC020-25ZM 
32Z 
Military 


(-55°C to 125°C) 


AT28MC020-25ZMB 
32Z 
Screened 
lAW M5004 


Military/883C 


Class B Components 


(-55°C to 125°C) 


Package Type 


32 Lead, Non-Windowed, Ceramic Dual Inline 32D6 Compatible Multi-Chip Module (MCM) 


Features 


• 
Fast Read Access Time - 150 ns 
• 
Automatic 
Page Write Operation 


Internal Address and Data Latches for 128 Bytes 
Internal Control Timer 


• 
Fast Write Cycle Time 
Page Write Cycle Time - 10 ms maximum 
1 to 128 Byte Page Write Operation 


• 
Low Power Dissipation 
80 mA Active Current 
5 mA CMOS Standby Current 


• 
Hardware and Software Data Protection 


• 
DATA Polling for End of Write Detection 


• 
High Reliability CMOS Technology 
Endurance: 
104 Cycles 
Data Retention: 
10 years 


• 
Single 5 V ± 10"k Supply 
• 
CMOS and TTL Compatible 
Inputs and Outputs 
• 
JEDEC ApprOVed Byte-Wj(je Pinout 


• 
Full Military, Commercial 
and Industrial Temperature 
Ranges 


Description 


The AT28MC040 
is a high-performance 
Electrically Erasable and Programmable 
Read Only 


Memory. Its four megabitS of memory is organized as 524,288 words by 8 bits. Manufactu~ 
with Atmel's advanced nonvolatile CMOS technology, the device offers access·till,le,s,to 150 
ns with power dissipation of just 440 mW. When the device is deselected, the CMOS standby 
current is less than 5 mA. 


The AT28MC040 
is accessed like a Static RAM for the read or write cyclewithO\!! the need 


for external components. 
The device contains a 128-byte page register to allow wriling of up 


to 128 bytes simultaneously. 
During a write cycle, the address and I to 128 bytes of data are 


internally latched, freeing the address and data bus for other oj:lCrations. Following the initia- 
tion of a write cycle, the device will automatically 
write the faq:hed data using an internal 


control timer. The end of a write cycle can be detected by DATA 
lling of 1/07. Once the 


end of a write cycle has been detected a new access for a read or write can begin. 


Atmel's 28MC040 
has additional features to ensure high quality and manufacturability. 
The 


device utilizes internal error correction for extended enduranee and improved data retention 
characteristics. 
An optional software data protection mechanism is available to guard against 


inadvertent writes. 


• 


Pin Name 
Function 
.- 


AO-Ala 
Addresses 


CE 
Chip Enable 


OE 
Output Enable 


WE 
Write Enable 


1/00-1/07 
Data Inputs/Outputs 


AlmlL 


• 


AlmEL 


OE 


WE 


CE 


ADDRESS 
[ 


INPUTS 


OE,CEANDWE 
LOGIC 


Temperature 
Under Bias 
-55°C to +125°C 


Storage Temperature 
-65°C to +150oC 


All Input Voltages 
(including N.C. Pins) 
with Respect to Ground 
-0.6 V to +6.25 V 


All Output Voltages 
with Respect to Ground 
-0.6 V to Vcc +0.6 V 


Voltage on OE and A9 
with Respect to Ground 
-0.6 V to +13.5 V 


Device Operation 


READ: The AT28MC040 
is accessed like a Static RAM. When 
CE and OE are low and WE is high, the data stored at the mem- 
ory location determined 
by the address pins is asserted on the 


outputs. The outputs are put in the high impedance state when 
either CE or OE is high. This dual-line control gives designers 
flexibility in preventing bus contention in their system. 


BYTE WRITE: A low pulse on the WE or CE input with CE or 
WE low (respectively) 
and OE high initiates a write cycle. The 
address is latched on the falling edge of CE or WE, whichever 
occurs last. The data is latched by the first rising edge of CE or 
WE. Once a byte write has been started it will automatically 
time itself to completion. 


PAGE WRITE: The page write operation of the AT28MC040 
allows one to one hundred twenty-eight bytcs of data to be writ- 
ten into the device during a single internal programming 
period. 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


A page write operation is initiated in the same manner as a byte 
write; the fust byte written can then be followed by one to one 
hundred 
twenty-seven 
additional 
bytes. Each successive 
byte 


must be written within 150 ~ (tBLC)of the previous byte. If the 
tBLC limit is exceeded 
the AT28MC040 
will cease accepting 
data and commence 
the internal programming 
operation. 
All 
bytes during a page write operation 
must reside on the same 
page as defined by the state of the A7-A18 inputs. For each WE 
high to low transition during the page write operation, A7 - A 18 
must be the same. 


The AO to A6 inputs are used to specify which bytes within the 
page are to be written. The bytes may be loaded in any order and 
may be altered within the same load period. Only bytes which 
are specified for writing will be written; unnecessary 
cycling of 
other bytes within the page does not occur. 


(continued 
on next page) 


Device Operation 
(Continued) 


OATA POLLING: The AT28MC040 features OAT A Polling to 
indicate the end of a write cycle. Ouring a byte or page write 
cycle an attempted read of the last byte written will result in the 
complement 
of the written data to be presented on 1/07. Once 
the write cycle has been completed, true data is valid on all out- 
puts, and the next write cycle may begin. OAT A Polling may 
begin at anytime during the write cycle. 


TOGGLE BIT: in addition to OAT A Polling the AT28MC040 
provides 
another 
method 
for determining 
the end of a write 
cycle. Ouring the write operation, 
successive 
attempts to read 
data from the device will result in 1/06 roggling between one 
and zero. Once the write has completed, 1/06 will stop toggling 
and valid data will be read. Reading the toggle bit may begin at 
any time during the write cycle. 


OAT A PROTECTION: 
Ifprecautions 
are not taken, inadvertent 
writes may occur during transitions 
of the host system power 
supply. Atmel has incorporated both hardware and software fea- 
tures that will protect 
the memory against inadvertent writes. 


HAROWARE 
PROTECTION: 
Hardware 
features 
protect 
against inadvertent 
writes to the AT28MC040 
in the following 
ways: (a) Vee sense - if Vee is below 3.8 V (typical) the write 
function is inhibited; (b) Vee power-on delay - once Vee has 
reached 3.8 V the device will automatically 
time out 5 ms (typ- 
ical) before allowing a write: (c) write inhibit - holding anyone 
of OE low, CE high or WE high inhibits write cycles; (d) noise 
filter - pulses of less than 15 ns (typical) on the WE or CE inputs 
will not initiate a write cycle. 


SOFIWARE 
OATA PROTECTION: 
A software 
controlled 
data 
protection 
feature 
has 
been 
implemented 
on 
the 
AT28MC040. 
When 
enabled, 
the software 
data 
protection 
(SOP), will prevent inadvertent writes. The SOP feature may be 


enabled or disabled 
by the user; the AT28MC040 
is shipped 
from Atmel with SOP disabled. 


SOP is enabled by the host system issuing a series of three write • 
commands; 
thrr.e specific bytes of data are written to three spe- 
cific addresses (refer to Software Oata Protection 
Algorithm). 
After writing the three byte command 
sequence and after twe 
the selected quadrant pointed to by A17 and AI8 will be pro- 
tected 
against 
inadvertent 
write 
operations. 
Because 
the 
AT28MC040 is comprised of four discrete memory devices, the 
user must perform the three byte command sequence four times; 
once to each quadrant selected by the four logic states of AI 7 
and A18. 


It should be noted, that once protected the host may still perform 
a byte or page write to the AT28MC04O. This is done by preced- 
ing the data to be written by the same three byte command se- 
quence used to enable SOP. 


Once set, SOP will remain active unless the disable command 
sequence is issued. Power transitions 
do not disable SOP and 
SOP will protect the AT28MC040 during power-up and power- 
down conditions. All command sequences must conform to the 
page write timing specifications. 
The data in the enable and dis- 
able command 
sequences 
is not written to the device and the 
memory addresses 
used in the sequence 
may be written with 
data in either a byte or page write operation. 


After setting SOP, any attempt to write to the device without the 
three byte command sequence will start the internal write tim- 
ers. No data will be written to the device; however, for the dura- 
tion of twe, read operations 
will effectively 
be polling opera- 
tions. 


Typ 
Max 
Units 
Conditions 


CIN 
I 
20 
40 
pF 
YIN = 0 Y 


COUT 
I 
20 
40 
pF 
YOUT= 0 Y 


AlmlL 
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AT28MC040-15 
AT28MC040-20 
AT28MC040-25 


Com. 
OOC-70°C 
OOC-70°C 
OOC-70°C 
Operating 
Ind. 
-40°C - 85°C 
-40°C - 85°C 
-40°C - 85°C 
Temperature 
(Case) 
Mil. 
-55°C - 125°C 
-55°C - 125°C 
-55°C - 125°C 


Vee Power Supply 
5 V± 
10% 
5 V± 10% 
5V±10% 


Mode 
CE 
OE 
WE 
I/O 


Read 
VIL 
VIL 
VIH 
DOUT 


Write(2) 
VIL 
VIH 
VIL 
DIN 


StandbylWrite 
Inhibit 
VIH 
X(I) 
X 
HighZ 


Write Inhibit 
X 
X 
VIH 


Write Inhibit 
X 
VIL 
X 


Output Disable 
X 
VIH 
X 
HighZ 
Notes: 
1. X can be VII.or VlH. 
2. Refer to A.C. Programming Waveforms. 


Symbol 
Parameter 
Condition 
Mln 
Max 
Units 


III 
Input Load Current 
VIN = 0 V to Vee + 1 V 
20 
I.tA 


ILO 
Output Leakage Current 
VI/O= 0 Vto Vee 
20 
I.tA 


ISBI 
Vee Standby Current CMOS 
CE = Vee-0.3 V to Vee + 1 V 
5 
mA 


ISB2 
Vee Standby Current TTL 
CE = 2.0 V to Vee + 1 V 
8 
mA 


Ice 
Vee Active Current 
f = 5 MHz; lOUT= 0 mA 
80 
mA 


VIL 
Input Low Voltage 
0.8 
V 


VIH 
Input High Voltage 
2.0 
V 


VOL 
Output Low Voltage 
IOL= 2.1 mA 
.45 
V 


VOH 
Output High Voltage 
IOH= -400lJ.A 
2.4 
V 


AT28MC040-15 
AT28MC040-20 
AT28MC040-25 


Symbol 
Parameter 
Min 
Max 
Min 
Max 
Min 
Max 
Units 


IAcc 
Address 
to Output 
Delay 
150 
200 
250 
ns 


tCE (1) 
CE to Output 
Delay 
150 
200 
250 
ns 


tOE (2) 
OE to Output 
Delay 
0 
70 
0 
80 
0 
100 
ns 


tDF (3,4) 
CE or OE to Output 
Float 
0 
55 
0 
60 
0 
70 
ns 


tOH 
Output 
Hold from OE, CE or 
0 
0 
0 
ns 
Address, 
whichever 
occurred 
first 
• 


OUTPUT 
VALID 


Notes: 
1. CE may be delayed up to tACC- teE after the address transition 
without impact on tACC. 
2. OE may be delayed up to teE - toE after the falling edge 
of CE without impact on teE or by tACC- toE after an address 
change without impact on tACC. 


3. tDFis specified from OE or CE whichever occurs first 


(CL= 5 pl'). 
4. This parameter is characterized and is not 100% tested. 


Input Test Waveforms and 
Measurement Level 


< 


3.0V 
AC 
DRIVING 
LEVElS 
O.DV 


AC 
MEASUREMENT 
LEVEL 


Output Test Load 


5.0V 
1'811 


OUTPUT 
PIN 


1.3K 
~ 
100pF 
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Symbol 
Parameter 
Mln 
Max 
Units 


IAs. tOES 
Address. OE Set-up Time 
10 
, 
ns 


IAH (1) 
Address Hold Time 
100 
ns 


tcs 
Chip Select Set-up Time 
0 
ns 


tCH 
Chip Select Hold Time 
0 
ns 


twp 
Write Pulse Width (WE or CEl 
150 
ns 


tos 
Data Set-up Time 
100 
ns 


tOH,tOEH 
Data, OE Hold Time 
10 
ns 


twc 
Write Cycle Time 
10 
ms 


A.C. Write Waveforms- 
WE Controlled 


OE 


tWP 


DATA_1_N 
~<E=tD=S=======t=D=H3----- 


tWP 


DATA_IN 
<E=tD=S=======tD=H=3----- 


Symbol 
Parameter 
Mln 
Max 
" 
Units 


twc 
Write Cycle Time 
10 
ms 


!As 
Address Set-up Time 
10 
ns 


!AH (1) 
Address Hold Time 
100 
ns 


tos 
Data Set-up Time 
100 
ns 


tOH 
Data Hold Time 
10 
ns 


twp 
Write Pulse Width 
150 
ns 


tSlC 
Byte Load Cycle Time 
150 
IJ.s 


twPH 
Write Pulse Width High 
50 
ns • 


x__ ~~ 


BYTE'26~ 
I 


I-tWC-i 


Notes: 
A7 through A18 must specify the same page address during each 
high to low transition of WE (or CE). 
OE must be high only when WE and CE are both low. 
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...., •••• 
" •• 
u..'fi;ji; IJg,g 
1 
6 
Protection Enable Algorithm ( .5. ) 
Software Data 
(1 56) 
Protection Disable Algorithm 
.. 


LOADDATAAA 
TO 
ADDRESS 5555 


LOADDATAAA 
TO 
ADDRESS 5555 


LOAD DATA 55 
TO 
ADDRESS 2AAA 


Notes: 
1. Data Format: 1/07 - I/OO(Hex); 
Address Format: A14 - AO(Hex). 


2. Write Protect state will be activated at end of write even if no 
other data is loaded. 


3. Write Protect state will be deactivated at end of write period 
even if no other data is loaded. 


4. 1 to 128 bytes of data are loaded. 
5. A17 and A18 must address page to be written. 
6. Quadrants determined by A17 and A18 act independently. 


LOAD DATA 20 
TO 
ADDRESS 5555 


LOAD DATA XX 
TO 
(4) 
ANY ADDRESS 


LOAD LAST BYTE 
TO 
LAST ADDRESS 


x__ 
~:~ 


~---------~7//-- 
~---------~7/ 
/-- 


~~~ 
BYTE126 
BYTE127 
I--tW~ 


AO-A14 must conform to the addressing sequence for the first three bytes as shown above. In addition, for each 
write during this command sequence A17 and A18 must be the same. 
After the command sequence has been issued and a~e 
write operation follows, the page address inputs (A7-A18) 


must be the same for each high to low transition of WE (or CE). 
OE must be high only when WE and CE are both low. 


~ 


Mln 
.- - 
Typ 


- 


Max 
Units 
Symbol 
Parameter 


tOH 
Data Hold Time 
10 
ns 


tOEH 
OE HoklTime 
10 
ns 


tOE 
OE to Output Delay 
. 
100 
ns 


twR 
Write Recovery Time 
0 
, 
ns 


Data Polling Waveforms 


WE 


AO-A18 
A_n~X 
An 
X 
An 
~ 
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fAce 
Icc(mA) 
Ordering Code 
Package 
Operation 
Range 
(ns) 
Active 
Standby 


150 
80 
0.5 
AT28MC040-15MC 
32M2 
Commercial 


AT28MC040-15ZC 
32Z 
(0° to 70°C) 


AT28MC040-15M 
I 
32M2 
Industrial 


AT28MC040-15ZI 
32Z 
(-40° to 85°C) 


AT28MC040-15MM 
32M2 
Military 


AT28MC040-15ZM 
32Z 
(-55°C to 125°C) 


AT28MC040-15MMB 
32M2 
Military/883C 


Class B Components 


(-55°C to 125°C) 


AT28MC040-15ZMB 
32Z 
Screened 
lAW M5004 


Military/883C 


Class B Components 


(-55°C to 125°C) 


200 
80 
0.5 
AT28MC040-20MC 
32M2 
Commercial 


AT28MC040-20ZC 
32Z 
(00 to 70°C) 


AT28MC040-20M 
I 
32M2 
Industrial 


AT28MC040-20ZI 
32Z 
(-40° to 85°C) 


AT28MC040-20MM 
32M2 
Military 


AT28MC040-20ZM 
32Z 
(-55°C to 125°C) 


AT28MC040-20MMB 
32M2 
Military/883C 


Class B Components 


(-55°C to 125°C) 


AT28MC040-20ZMB 
32Z 
Screened 
lAW M5004 


Military/883C 


Class B Components 


(-55°C to 125°C) 


250 
80 
0.5 
AT28MC040-25MC 
32M2 
Commercial 


AT28MC040-25ZC 
32Z 
(0° to 70°C) 


AT28MC040-25M 
I 
32M2 
Industrial 


AT28MC040-25ZI 
32Z 
(-40° to 85°C) 


AT28MC040-25MM 
32M2 
Military 


AT28MC040-25ZM 
32Z 
(-55°C to 125°C) 


AT28MC040-25MMB 
32M2 
Military/883C 


Class B Components 


(-55°C to 125°C) 


AT28MC040-25ZMB 
32Z 
Screened 
lAW M5004 


Military/883C 


Class B Components 


(-55°C to 125°C) 


Package Type 


32M2 
I 
32 Lead, Non-Windowed, Ceramic Dual Inline 3206 Compatible Flatpack Module (Module) 


32Z 
I 
32 Lead, Non-Windowed, Ceramic Ouallnline 3206 Compatible Multi-Chip Module (MCM) 


Using Atmel's CMOS E2pROMs 


E2PROMs 
offer many features desired for 
present day memory systems. They are non- 
volatile, preserving 
data for years whether 
or not power is applied. They provide high 
density memory storage, with one-megabit 
devices 
now 
available. 
They 
offer 
high 


speed reads and can be re-written on a byte 
or page basis. 


Five-volt-only 
signals are used to operate 
the devices. When writing new data only the 
data bytes that are desired 
to be changed 
need be rewritten. 
No erasure steps are re- 


quired before rewriting 
any memory 
loca- 


tion. Since all of Atmel's products are made 
with CMOS technology, 
the supply current 


required to operate Atmel E2PROMs is low. 
Other features such as OAT A polling, inter- 
nal error correction 
and software data pro- 


tection make Atmel E2PROMs 
the correct 
solution for many memory systems. 


CMOS Versus 
NMOS 
E2PROMs 
CMOS is quickly 
becoming 
the dominant 


MOS technology. 
Many systems however, 
have 
been 
designed 
without 
the 
use 
of 
CMOS products, and therefore do not have 
the benefits of this advanced process tech- 
nology. 
The 
most 
obvious 
advantage 
of 


CMOS 
is in the power savings. Figure 
1 


shows 
a comparison 
of 
a 
typical 
64K 
NMOS E2PROM current specification 
ver- 


sus that of Atmel's 
AT28C64. 
The power 


advantage 
of CMOS 
is quite 
clear. 
The 
power savings actually does more than just 
reduce the drain on the power supply. The 
low power consumption 
helps to keep sys- 
tem temperatures 
lower, reducing the need 


for cooling and allowing for greater packing 
density on boards. With less internally gen- 
erated heat, CMOS products can be more re- 
liable than their NMOS counterparts. 


The 1TL and CMOS compatible inputs and 
outputs of Atmel's 
CMOS E2PROMs 
offer 


additional advantages. The input stages con- 
sume no active power when the input volt- 
age is at ground or the positive supply level. 
Figure 2 shows the typical power consump- 
tion curve for an Atmel input stage versus 
input voltage. 
By using full CMOS 
input 
levels to the device, the active power con- 
sumption 
can be reduced below the speci- 


fied levels. 


The outputs of Atmel E2PROMs drive to the 
full limits of the supply voltage. When driv- 
ing other CMOS input stages, this full swing 
drive 
capability 
can 
actually 
reduce 
the 
power consumed 
by other devices 
within 


Figure 
1. Comparison 
of typical NMOS 64K E2PROM current consumption 
to that of 


Atmel's AT28C64. 


POWER 
SUPPLY 
CURRENT 


TYPICAL 


NMOS 
ACTIVE 


ATMEl 
28C64 
ACTIVE 


TYPICAL 
NMOS 
STANDBY 


ATMEl 
28C64 


STANDBY 
AlmlL 


• 


Application 
Note 


the system! Also, by driving to the high power supply limit, 
Atmel devices improve the noise margin of the high input level 
of the device they are driving as compared 
to typical NMOS 
devices which do not drive to the high supply level (Figure 3). 


Upgrading from NMOS to CMOS 
It is generaIly quite easy to upgrade a system using NMOS de- 
vices to use CMOS parts. In most cases, NMOS E2PROM de- 
vices organized 
from 512 by 8 to 32K by 8 may be directly 


replaced by an Atmel CMOS device of the same density and 
pinout 
No hardware or software changes need necessarily 
be 
made when upgrading the system. 


In some cases, power switching 
transistors have been used to 
power-down 
NMOS E2PROMs while the rest of the system re- 
mains active. In such a state, the DATA lines of the NMOS 
E2PROM do not load the DATA bus of the system. A CMOS 
device in such a configuration 
may show substantial input cur- 
rent through the DATA pins if the DATA bus is higher than the 
E2PROM's 
power supply input. To permit CMOS devices to 


work properly 
in such a system, 
it is recommended 
that the 


switching transistor be removed from the power supply of the 
E2PROM. 
With 
the low power 
standby 
mode 
of Atmel's 
E2PROMs, 
the power 
switching 
is not necessary. 
The low 
power consumption 
of the CMOS device will not adversely af- 


fect the system power consumption 
and there wiU be negligible 


input leakage at the E2PROM 
DATA pins. Additionally, 
the 
power consumption 
of the E2PROM will be much lower when 


selected and, with the removal of the switching transistor, the 
number of devices in the system will be reduced. 


Figure 2. Typical power consumption 
curve for Atmel 


input stage versus input level. 


POWER 
CONSUMED 
BY INPUT 
STAGE 


AlmEL 


Figure 3. High input voltage noise margin comparison of 


typical NMOS output to Atmel CMOS output. 
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Read Cycle 
The E2PROM read cycle is controlled 
by the CE and OE sig- 


nals. When CE and OE are both low, data is read from the de- 
vice. The address 
inputs specify the memory 
location being 


read. The address and data lines are not latched during a read 
cycle; changing the address while CE and OE are low will result 
in the output of the device changing. If CE or OE is high, the 
outputs are put in a high impedance state. This dual-line control 
allows for flexibility in avoiding bus line contention. There is no 
need for periodic refresh of the memory; E2PROMs retain their 
data whether or not power is applied. Addresses 
may be ran- 


domly selected; there are no restrictions 
on address lines. 


When CE is high, the internal power consumption 
of the device 


is greatly reduced; the device is said to be in the standby mode. 
The power reduction is achieved by turning off the internal cir- 
cuits of the device. When CE is returned low, the internal cir- 
cuits are again powered on and a new read is performed. 


Atmel E2PROMs 
are designed 
to provide 
the fastest access 


times available among like devices. They therefore may have 
large transient 
current requirements. 
It is recommended 
that 
each device be carefully 
decoupled. 
A decoupling 
capacitor 
across the power and ground line as close to the device as pos- 
sible should be used. As with any high performance 
device, the 


integrity of the power and input signals can affect its operation 
in the system. Maintaining 
clean power and input signals will 
ensure the best performance 
of the device. 


Byte Write Cycle 
Writing to Aunel E2PROMs has been designed to minimize the 
time that the system must spend in issuing commands 
to the 
memory device. The write cycle is controlled 
by OE, CE and 
WE. Initiating a write cycle is done with a short pulse on either 
the WE or CE input. With OE high and CE (or WE) low, the 
address to be written is latched on the falling edge of WE (or 
CE, whichever occurred last). The data to be written is latched 
on the rising edge of WE (or CE, whichever occurred frrst). The 
latching of the address and data inputs allows the address and 
data busses to be used to access other devices while the write is 
in pr~ess. 
During its write cycle, data may not be read from 
the E PROM (the device may however be polled to see if the 
write is completed). 


Intemalto 
the E2PROM device, the write cycle can be divided 
into two steps. The frrst is to load the data into a temporary 
buffer; this operation 
can be done very quickly (measured 
in 
nanoseconds). 
The second step is to perform the nonvolatile 
storage. It takes considerably 
longer for this step (up to several 
milliseconds). 
After the nonvolatile storage is completed, a new 
read or write cycle may begin immediately. 


Page Write Cycle 
To improve the effective write time when large sections of the 
memory are being rewritten, some Aunel E2PROMs provide a 
page write operation. The page write allows a group of bytes to 
be quickly loaded into the device's 
temporary buffer and then 
simultaneously 
written to the nonvolatile storage elements. Fig- 
ure 4 is a pie chart showing 
the time needed for completely 
loading the temporary 64 byte page buffer of the AT28C256 as 
a portion of the write cycle time. Clearly, by utilizing the page 
write with minimum write load times, the write time can effec- 
tively be reduced by a factor approximately 
equal to the page 
width. 


Similar to the writing of a single byte, address location and data 
to be written are latched on the falling and rising edges of WE 
or CEoAll bytes being written must have the same page address. 
The page address is determined 
by the higher order addresses 
and is specified in the data sheet of each particular device. The 
page address must be valid during each high to low transition of 
WE or CEo The OE input must be high whenever CE and WE 
are low. 


During write cycles, only the bytes that are specified to be writ- 
ten are altered; other bytes within the device are not rewritten or 
otherwise 
affected. 
A write cycle will only occur when re- 
quested; however, there may be conditions present during such 
times as power-up or power-down 
when a system might inad- 
vertently initiate a write cycle. Atmel devices include many fea- 
tures 
to 
help 
prevent 
inadvertent 
write 
cycles. 
Users 
of 
E2PROMs should become familiar with these features. 


Figure 4. Time to load 64 bytes to temporary buffer in 
AT28C256 as a portion of the write cycle time. 
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Additional Features 
Atmel E2PROMs include other features to help ensure reliabil- 
ity and to improve overall system performance. 
The internal 
error correction incorporated 
into Aunel's 
E2PROMs protects 
against single bit data errors from appearing in the devices. The 
user does nothing to utilize the feature; whenever a write or read 
cycle is performed, parity generation or checking occurs inter- 
nally to the E2PROM device to help ensure the integrity of the 
data. 


The inputs and outputs of Aunel devices contain circuitry to 
protect the device from electrostatic 
damage. Even though the 
devices do have this protection 
circuitry, 
it is strongly recom- 
mended that safe handling procedures 
be used with these de- 
vices. All equipment 
and personnel 
that may come in contact 
with the devices should be well grounded. Other features such 
as DATA polling, 
READY/BUSY 
outputs 
or toggle bit are 
available and may be employed 
by users as required by their 
particular application. 
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Advantages of E2PROMs 
E2PROMs 
provide 
the memory 
solution 
wherever 
reprogram mable, 
nonvolatile 
memory is required. They are easy to use, 
requiring little or no support hardware such 
as refresh clocks or batteries. Each memory 
location can be selectively changed without 
impact on any other location; blanket era- 
sure and rewriting of the entire device or a 
large section of it is not required. 


E2PROMs made at Atmel were designed to 
provide the best features available. 
Atmel 
E2PROMs provide high speed read access 
times so that many applications 
can use 
them without inserting 
costly wait states. 
The page mode write operation 
of Atmel 
E2PROMs 
allows for the fastest effective 
write time available in E2PROM memories. 
Since all of Atmel's 
devices 
are made in 


CMOS, they offer the benefits of low oper- 
ating and standby power. 


In order to take advantage of all of the ben- 
efits of Atmel 
E2PROMs, 
care must be 
taken to maintain the integrity of the data. 
While an E2PROM will retain its data for 
many years with or without power applied, 
improper operation of the device could re- 
sult in data being inadvertently 
rewritten. 


WRITES 
PROHIBITED 
BYVe<: 
LEVEL DETECT 


WRITES 
PROHIBITED 
BY DELAY 


TIMER 


When is Data 
Susceptible to Corruption 
In the use of any memory device, it is ex- 
pected that the data stored in it is available 
as it is written. This is especially 
true of 


E2PROMs 
since their code often controls 


the operation of the system in which they 
are contained. 
Unlike most other memory 


t~s 
that 
are 
rewritten 
in 
systems, 


E PROMs are often expected to retain their 
data for a period of many years, with or 
without power applied and during power 
transitions. For these reasons, added atten- 
tion is given to avoid corrupting 
data in 
E2PROMs. 


There are a number of situations in which 
data 
is particularly 
prone 
to corruption. 
These situations 
include powering 
on and 


off of the devices, noise spikes on the con- 
trol 
lines 
and 
system 
glitches. 
Atmel 


E2PROMs include features to help protect 
against each of these potential 
sources of 
inadvertent 
writes. Atmel data protection 


features are broken down into two different 
types: 
hardware 
data protection 
features 


and software data protection features. 


Application 
Note 
• 


Atmel Hardware Data Protection Features 
Aunel E2PROMs include four different types of hardware data 
protection. These features provide protection against most inad- 
vertent writes that might occur in a system. Aunel hardware 
data protection features include: three line write control, power 
level sense detector, power on delay timer and noise filters on 
CE and WE. 


TIIREE-LINE 
WRITE CONTROL: 
In order to write a device 
the OE signal must be high with the CE and WE signals low. 
Holding any of the three lines in the opposite state will prohibit 
a write cycle. For example, whenever 
the OE signal is low, a 
write to the device cannot be started. 


POWER LEVEL SENSE DETECTOR: 
An active circuit in 
Aunel E2PROMs monitors the level of the supply voltage to the 
device. If the supply is below 3.8 volts, typical, write cycles to 
the devices can not be activated. 


POWER ON DELAY TIMER: 
As power is applied to Atmel 
E2PROMs, the power level sense detector will issue an internal 
signal that indicates that the supply is above the sense level. At 
this time an internal timer is initiated that times out in typically 
5 ms. During this time period, writes to the device cannot be 
performed. 
This delay period serves two purposes. First, it al- 
lows the supply level additional time to rise to within the stan- 
dard operating region before writes are permitted. Secondly, it 
lets the system stabilize 
and present the correct levels to the 
control pins of the E2PROM so that the E2PROM doesn't react 
to its inputs before they are actually valid. Figure I shows the 
combined 
action of the power supply level detector 
and the 
delay timer upon writes to the device. 


NOISE FILTERS 
ON WE AND CE: 
If brief noise pulses 
below Vrn occur on the WE or CE inputs to the device, a write 
cycle will not be initiated. Internal to the E2pROM, a noise fil- 


ter does not allow the short pulses to activate a write cycle. As 
shown in Figure 2, write pulses of sufficient 
length will still 
initiate writes but short noise spikes on the WE or CE control 
lines will not. 


Atmel Software Data Protection Feature 
Available on some Aunel E2PROMs is a user selectable feature 
that requires a software sequence at the beginning of each write 
cycle in order for a write to be performed. 
To enable the soft- 
ware data protection 
feature, a series of three-write commands 
to specific addresses 
with specific 
data must be performed. 


Once set, the same three-byte 
code must begin each write re- 
quest. (A separate write cycle to enable the software feature is 
not necessary; 
after any write that is preceded 
with the three 
byte code, the software data protection function will be enabled, 
see Figure 3.) The feature may be disabled by issuing a six-byte 
code to the device as shown in Figure 4. After being set, the 
software data protection feature remains active until its disable 
command is issued. Power transitions will not reset the software 
data protection 
feature, but the feature will prevent against in- 
advertent writes during power transitions. 


The software data protection feature protects data against vari- 
ous causes of inadvertent writes. Since it is active during power 
transitions it protects data when powering on or off the device. 
Noise spikes that occur on the control lines will be ignored since 
they will not show the correct address and data needed to start 
a write cycle. Even for system malfunctions, 
such as when write 
pulses of adequate length are given to the device, the software 
feature can prevent the corruption 
of the data in the E2PROM. 
The address locations used for the software code are not sacri- 
ficed from the usable memory array. The device recognizes the 
software code and does not alter the data stored at the address 
locations of the code. Byte locations of code are still usable, and 
don't have to be rewritten. 


I.. 
-I 


SHORT NOISE 
GLITCH DOESN'T 
START WRITE 
CYCLE 


WRITE PULSE 
OF lAIN SPEC 
VALUE INITIATES 
PROPER WRITE CYCLE 


System Design Considerations 
Designing systems with data integrity in mind can greatly re- 
duce the chance of lost data. The amount of attention needed 
depends 
upon the nature of the design. Following 
are a few 


areas that might need special attention in certain designs. 


External Power On Protection 
Many systems will have a PON (power on) signal to control the 
operation of the system. Such a signal can be gated with the 
logic creating the OE signal to the E2PROM, holding OE low 
when the PON signal is false. Similarly, 
a PON-type 
signal 


could be gated with the WE or CE logic, forcing WE or CE high 
when writes should not be allowed. 


If the system does not include a PON-type 
signal, one can be 


created from various programmable 
voltage reference devices. 
With such a device, the user can select the voltage supply level 
below which the device cannot be written. It should be noted 
that in many systems, using Atmel' s E2PROMS with their inter- 
nal power level detection and power delay timer, no additional 
power on circuitry is required for the device. 


Multiple Power Supplies 
In systems that utilize more than one power supply, extra care 
must be taken during power transitions 
to both the E2PROM 


and the devices controlling 
the inputs to the E2PROM. Power 
on rates of the different supplies are likely to vary. Using pro- 
grammable voltage reference devices to detect the power level 
of both supplies and forcing the OE pin low when either line is 
below the desired level may be used in such situations to avoid 
• 
inadvertent writes. 


Memory Cards 
Since memory cards are often pushed 
into and pulled out of 


systems 
that are already 
powered 
on, they have additional 
chances of inadvertent writes. If the edge connector is arranged 
such that power and control lines are not asserted in a prescribed 
manner, false writes to the device may occasionally 
occur de- 


pending upon how the card is inserted. To provide proper power 
on sequencing, 
a card could be designed with its control pins 


recessed from the edge of the card. Resistors would be placed 
on the card to connect CE and WE to Vcc and OE to ground. 
This arrangement 
insures that power is first applied to the de- 
vice and that the control pins are not in the write state until each 
pin is being controlled 
by the host system. Variations 
of this 


technique 
may be used effectively 
in different 
systems; 
the 


basic idea is to guarantee 
systematic application 
of the power 


and control pins such that a write state is not entered upon inser- 
tion or removal of the card from the host. 
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Product Information 


E2pROMs 


PEROMs (Flash) 


EPROMs 
• 
PROMs 
• 
SRAMs 
• 
EPLDs 
• 
Gate Arrays 
• 
Logic 
• 
Smart Card ICs 
• 
Mixed Signal 
•• 
Microcontroller 
•• 
Packaging Services 
•• 
Quality and Reliability 
II 


Military 
•• 
Die Products 
II 


Standard Package Outlines 
•• 
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AT29C256 
AT29LV256 
AT29C257 
AT29C512 
AT29LV512 
AT29C010 
AT29LV010 
AT29C040 
AT29 LV040 


32K x 8 
32K x 8 
32K x 8 
64K x 8 
64K x 8 
128K x 8 
128K x 8 
512K x 8 
512K x 8 


256K, 5-Volt Reprogrammable ROM 
3-3 
256K, 3-Volt Reprogrammable ROM 
3-17 
256K, 5-Volt Reprogrammable ROM 
3-27 
512K, 5-Volt Reprogrammable ROM 
3-39 
512K, 3-Volt Reprogrammable ROM 
3-53 
1-Mbit. 5-Volt Reprogrammable ROM 
3-63 
1-Mbit, 3-Volt Reprogrammable ROM 
3-77 
4-Mbit, 5-Volt Reprogrammable ROM 
3-87 
4-Mbit. 3-Volt Reprogrammable ROM 
3-89 


AlmEL 


• 


AlmEL 
------- 


• 
Fast Read Access Time - 90 ns 
• 
Five-Volt-Only 
Reprogramming 
• 
Page Program Operation 
Single Cycle Reprogram 
(Erase and Program) 
Internal Address and Data Latches for 64 Bytes 
• 
Fast Program Cycle Times 
Page (64 Byte) Program Time -10 ms 
Chip Erase Time -10 
ms 
• 
Internal Program Control Timer 
• 
Low Power Dissipation 
80 mA Active Current 
300 JJ.ACMOS Standby Current 
• 
Hardware and Software Data Protection 
• 
DATA Polling for End of Program Detection 
• 
High Reliability CMOS Technology 
1000 Erase/Program 
Cycles 
lo-Year 
Data Retention 
• 
Single 5 V ± 10% Supply 
• 
CMOS and TTL Compatible 
Inputs and Outputs 
• 
Full Military, Commercial, 
and Industrial Temperature 
Ranges 


Description 


The AT29C256 is a five-volt-only 
in-system Programmable 
and Erasable Read Only Memory 
(pEROM). 
Its 256K of memory is organized as 32,768 words by 8 bits. Manufactured 
with 
Atmel's advanced nonvolatile CMOS technology, the device offers access times to 90 ns with 
power dissipation of just 440 mW. When the device is deselected, the CMOS standby current 
is less than 300 lJA· 
continued on next page 


Pin Name 
Function 


AO-A14 
Addresses 


CE 
Chip Enable 


OE 
Output Enable 


WE 
Write Enable 


1/00-1/07 
Data Inputs/Outputs 


NC 
No Connect 


WE 
Vcc 
A12 
A14 
A7 
A13 
A6 
M3 
A5 
N3 
A4 
A11 
A3 
61' 
A2 
A10 
A1 
CE 
AD 
1107 
1/00 
1106 
1/01 
1105 
U02 
1104 
GND 
1103 


PLCC and LCC Top View 
TSOP Top View 


A~1~CVc;.,:'3 
Type 1 


4321323130 
AS5 
29M3 
M6 
28A9 
A4 
7 
27 
A11 
A38 
26NC 
A29 
2561' 
A1 
10 
24 
A10 


AD >" 
23 
CE 
NO > 12 
22 
1107 
UOO > 13 
21 
1106 
\. 
14151617181920 


IIO·s 
12 
NC345 
GND 


DE 
All 
A9 A8 
A13AU 
VCCWE 
A12 
AS A7 
A5 
A4 
A3 


Note: PLCC package 
pins 1 and 
17 are OON'T 
CONNECT. 
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21 20 
,. 
18 
17 16 
15 
14 
13 12 
11 
10 


• 
8 


CE 
::,~ 


1106 1105 
1104 
1103 
GNOl102 
1101 
1100 
AO 
A2 
Al 


256K (32K X 8) 
5·Volt Only 
CMOS 
PEROM • 


A1IDEL 


Description 
(Continued) 


To 
allow 
for 
simple 
in-system 
reprogrammability, 
the 


AT29C256 
does not require high input voltages for program- 


ming. Five-volt-only 
commands 
determine the operation of the 


device. Reading data out of the device is similar to reading from 
a static RAM. Reprogramming 
the AT29C256 is performed on 


a page basis; 64 bytes of data are loaded into the device and then 
simultaneously 
programmed. 
The contents of the entire device 


may be erased by using a six-byte software code (although era- 
sure before programming 
is not needed). 


OE 


WE 


CE 


ADDRESS 
[ 
INPUTS 


OE,CEANDWE 
LOGIC 


Device Operation 


READ: 
The AT29C256 is accessed like a static RAM. When 


CE and OE are low and WE is high, the data stored at the mem- 
ory location determined 
by the address pins is asserted on the 


outputs. The outputs are put in the high impedance state when- 
ever CE or OE is high. This dual-line control gives designers 
flexibility in preventing bus contention. 


BYTE LOAD: 
A byte load is performed 
by applying a low 


pulse on the WE or CE input with CE or WE low (respectively) 
and OE high. The address is latched on the falling edge of CE or 
WE, whichever occurs last. The data is latched by the frrst rising 
edge of CE or WE. Byte loads are used to enter the 64 bytes of 
a page to be programmed 
or the software codes for data protec- 


tion and chip erasure. 


PROGRAM: 
The device is reprogrammed 
on a page basis. If 


a byte of data within a page is to be changed, data for the entire 
page must be loaded into the device. Any byte that is not loaded 
during the programming 
of its page will be erased to read FFh. 
Once the bytes of a page are loaded into the device, they are 
simultaneously 
programmed 
during the internal programming 


period. After the frrst data byte has been loaded into the device, 
successive bytes are entered in the same manner. Each new byte 
to be programmed 
must have its high to low transition on WE 


(or CE) within 150 J.I.S of the low to high transition of WE (or 
CE) of the preceding byte. If a high to low transition is not de- 
tected within 150 J.I.S of the last low to high transition, the load 
period will end and the internal programming 
period will start. 


A6to 
AI4 specify the page address. The page address must be 


valid during each high to low transition of WE (or CE). AO to 


During a reprogram cycle, the address locations and 64 bytes of 
data are internally latched, freeing the address and data bus for 
other operations. 
Following 
the initiation 
of a program cycle, 


the device will automatically 
erase the page and then program 
the latched data using an internal control timer. The end of a 
program cycle can be detected by OAT A polling of 1/07. Once 
the end of a program cycle has been detected a new access for a 
read, program or chip erase can begin. 


AS specify the byte address within the page. The bytes may be 
loaded in any order; sequential loading is not required. 


SOFTWARE 
DATA PROTECTION: 
A software controlled 


data protection feature is available on the AT29C256. Once the 
software protection is enabled a software algorithm must be is- 
sued to the device before a program 
may be performed. 
The 
software protection 
feature may be enabled or disabled by the 


user; when shipped from Atrnel, the software 
data protection 
feature is disabled. To enable the software data protection, a se- 
ries of three program commands to specific addresses with spe- 
cific data must be performed. After the software data protection 
is enabled the same three program commands 
must begin each 
program cycle in order for the programs to occur. All software 
program commands 
must obey the page program timing speci- 
fications. Once set, the software data protection feature remains 
active unless its disable command 
is issued. Power transitions 


will not reset the software data protection 
feature, however the 


software feature will guard against inadvertent 
program cycles 


during power transitions. 


Once set, software data protection will remain active unless the 
disable command sequence is issued. 


After setting SOP, any attempt to write to the device without the 
three-byte command 
sequence will start the internal write tim- 
ers. No data will be written to the device; however, for the dura- 
tion of twe, a read operation will effectively be a polling opera- 
tion. 


After the software data protection's 
three-byte command code is 


given, a byte load is performed 
by applying a low pulse on the 


WE orCE input with CE or WE low (respectively) 
and OE high. 


continued on next page 


Device Operation 
(Continued) 


The address is latched on the falling edge of CE or WE, which- 
ever occurs last The data is latched by the fITstrising edge of CE 


or WE. 


The 64 bytes of data must be loaded into each sector. Any byte 
that is not loaded during the programming 
of its sector will be 


erased to read FFh. Once the bytes of a sector are loaded into the 
device, they are simultaneously 
programmed 
during the internal 


programming 
period. After the fust data byte has been loaded 


into the device, successive bytes are entered in the same man- 
ner. Each new byte to be programmed 
must have its high to low 


transition on WE (or CE) within 150 l!S of the low to high tran- 
sition of WE (or CE) of the preceding 
byte. If a high to low 


transition is not detected within 150 l!S of the last low to high 
transition, 
the load period will end and the internal program- 
ming period will start. A6 to Al4 specify the sector address. The 
sector address must be valid during each high to low transition 
of WE (or CE). AO to A5 specify the byte address within the 
sector. The bytes may be loaded in any order; sequential loading 
is not required. 


HARDWARE 
DATA 
PROTECTION: 
Hardware 
features 
protect against inadvertent 
programs 
to the AT29C256 
in the 


following ways: (a) Vcc sense- 
if Vcc is below 3.8 V (typi- 


cal), the program 
function 
is inhibited. 
(b) Vcc 
power 
on 


delay- 
once Vcc has reached the Vcc sense level, the device 


will automatically 
time out 5 ms (typical) before programming. 


(c) Program inhibit- 
holding anyone 
of OE low, CE high or 


Absolute Maximum Ratings· 


Temperature 
Under Bias 
-55°C to +125°C 


Storage Temperature 
-65°C to +150oC 


All Input Voltages 
(including N.C. Pins) 
with Respect to Ground 
-0.6 V to +6.25 V 


All Output Voltages 
with Respect to Ground 
-0.6 V to Vcc +0.6 V 


Voltage on OE 
with Respect to Ground 
-0.6 V to +13.5 V 


WE high inhibits program cycles. (d) Noise mter- 
pulses of 
less than 15 os (typical) on the WE or CE inputs will not initiate 
a program cycle. 


PRODUCT 
IDENTIFICATION: 
The product 
identification 


mode identifies the device and manufacturer 
and may be ac- 


cessed 
by a hardware 
operation. 
For details, 
see Operating 


Modes or Product Identification. 
• 


DATA POLLING: 
The AT29C256 features DATA polling to 
indicate the end of a program cycle. During a program cycle an 
attempted read of the last byte loaded will result in the comple- 
ment of the loaded data on 1/07. Once the program cycle has 
been completed, 
true data is valid on all outputs and the next 


cycle may begin. DATA polling may begin at any time during 
the program cycle. 


TOGGLE 
BIT: 
In addition to DATA polling the AT29C256 
provides another method for determining 
the end of a program 
or erase cycle. During a program or erase operation, successive 
attempts to read data from the device will result in 1/06 toggling 
between one and zero. Once the program cycle has completed, 
1/06 will stop toggling and valid data will be read. Examining 
the toggle bit may begin at any time during a program cycle. 


OPTIONAL 
ClllP 
ERASE MODES: 
The entire device may 
be erased by either using a six-byte software code or high volt- 
age. For details, please contact Atmel. 


*NOTICE: Stresses beyond those listed under ..Absolute Maxi- 


mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other condi tions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Typ 
Max 
Units 
Conditions 


CIN 
I 
4 
6 
pF 
VIN = 0 V 


COUT 
T 
8 
12 
pF 
VOUT= 
0 V 
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AT29C256-90 
AT29C256-12 
AT29C256-15 
AT29C256-20 
AT29C256-25 


Operating 
Com. 
OOC-70°C 
OOC-70°C 
OOC-70°C 
OOC-70°C 
OOC-70°C 


Temperature 
Ind. 
-40°C - 85°C 
-40°C - 85°C 
-40°C - 85°C 
-40°C - 85°C 
(Case) 
Mil. 
-55°C - 125°C 
-55°C - 125°C 
-55°C - 125°C 
-55°C - 125°C 


Vee Power Supply 
5 V± 10% 
5 V± 10% 
5 V± 10% 
5 V± 10% 
5 V± 10% 


Mode 
CE 
OE 
WE 
AI 
110 


Read 
VIL 
VIL 
VIH 
Ai 
DOUT 


Program(2) 
VIL 
VIH 
VIL 
Ai 
DIN 


5V Chip Erase 
VIL 
VIH 
VIL 
Ai 


StandbylWrite 
Inhibit 
VIH 
X(1) 
X 
X 
HighZ 


Write Inhibit 
X 
X 
VIH 


Write Inhibit 
X 
VIL 
X 


Output Disable 
X 
VIH 
X 
, 
HighZ 


High Voltage Chip Erase 
VIL 
VH (3) 
VIL 
X 
HighZ 


Al-A14 = Vil. A9 = VH. 
Manufacturer 
Code(4) 
AD= Vil 
Product Identification 
VIL 
VIL 
VIH 
Al-A14 = Vil. A9 = VH. 


AO= VIH 
Device Code(4) 


Notes: 
1. X can be Va or Vrn. 
2. Refer to A.C. Programming Waveforms. 


3. VH= 12.0V± 0.5 V. 
4. Manufacturer Code: IF, Device Code: DC 


Symbol 
Parameter 
Condition 
Mln 
Max 
Units 


III 
Input Load Current 
VIN = 0 Vto Vee 
10 
l!A 


ILa 
Output Leakage Current 
Vila = 0 V to Vee 
10 
l!A 


IS61 
Vee Standby Current CMOS 
CE = Vee-0.3 V to Vee 
300 
l!A 


IS62 
Vce Standby Current TTL 
CE = 2.0 V to Vee 
3 
mA 


Ice 
Vee Active Current 
f = 5 MHz; lOUT= 0 mA 
80 
mA 


VIL 
Input Low Voltage 
0.8 
V 


VIH 
Input High Voltage 
2.0 
V 


VOL 
Output Low Voltage 
IOL= 2.1 mA 
.45 
V 


VOHl 
Output High Voltage 
IOH= -400 l!A 
2.4 
V 


VOH2 
Output High Voltage CMOS 
IOH= -100 l!A; Vee = 4.5 V 
4.2 
V 


AT29C256- 
AT29C256- 
AT29C256- 
AT29C256- 
AT29C256- 


90 
12 
15 
20 
25 


Symbol 
Parameter 
Min 
Max 
Min 
Max 
Min 
Max 
Min 
Max 
Min 
Max 
Units 


lAcc 
Address to OUtput Delay 
90 
120 
150 
200 
250 
ns 


tCE (1) 
CE to OUtput Delay 
90 
120 
150 
200 
250 
ns 


tOE (2) 
OE to Output Delay 
0 
40 
0 
50 
0 
70 
0 
80 
0 
100 
ns 
tDF (3,4) CE or OE to Output Float 
0 
40 
0 
40 
0 
50 
0 
55 
0 
60 
ns 


Output Hold from OE, 


tOH 
CE or Address, 
0 
0 
0 
0 
0 
ns 
whichever 
occurred first 


OUTPUT 
VALID 


Notes: 
1. CE may be delayed up to tACC- teE after the address transition 


without impact on tACC. 


2. DE may be delayed up to teE - toE after the falling edge 
of CE without impact on teE or by tACC- toE after an address 
change without impact on tACC. 


3. tDFis specified from DE or CE whichever occurs first 
(CL= 
5pF). 


4. This parameter is characterized and is not 100% tested. 


Input Test Waveforms 
and 
Measurement 
Level 
Output Test Load 


5.0V 


1.811 


OUTPUT 
PIN 


1.3K 
. :& 100pF 
< 


3.0V 
AC 
DRIVING 
LEVELS 
o.OV 


AC 
MEASUREMENT 
LEVEL 


AlmEL 


• 


AlmEL 


Symbol 
Parameter 
Mln 
Max 
Units 


tAS, tOEs 
Address, DE Set-up Time 
0 
ns 


tAH 
Address Hold Time 
50 
ns 


tcs 
Chip Select Set-up Time 
0 
ns 


tCH 
Chip Select Hold Time 
0 
ns 


twp 
Write Pulse Width (WE or CE) 
90 
ns 


tDS 
Data Set-up Time 
50 
ns 


tDH,tOEH 
Data, DE Hold Time 
0 
ns 


twc 
Write Cycle Time 
10 
ms 


A.C. Byte Load Waveforms- 
WE Controlled 


OE 


tWP 


DATA 
_1_N 
<E=tD=S=======t=D=H 
3----- 


A.C. Byte Load Waveforms- 
CE Controlled 


OE 


tWP 


DATA 
_IN 
-<<E=tD=S=======tD=H=3 
_ 


Symbol 
Parameter 
Mln 
Max 
Units 


!wc 
Write Cycle Time 
10 
ms 


tAs 
Address Set-up Time 
0 
ns 


tAH 
Address Hold Time 
50 
ns 


tos 
Data Set-up Time 
50 
ns 


tOH 
Data Hold Time 
0 
ns 


!wP 
Write Pulse Width 
120 
ns 


tSLC 
Byte Load Cycle Time 
150 
I!S 


!wPH 
Write Pulse Width High 
100 
ns 


Program Cycle Waveforms 
------------~)//~/---------7~/ 
/-- 


OE 
_~/ 


//-- 
//-- 


:: 
~ 


BYTE 62 
BYTE 63I-- tWc---J 
Notes: 
A6 through Al4 must specify the page address during each high to 
low transition of WE (or CE). 
OE must be high when WE and CE are both low. 
All bytes that are not loaded within the page being programmed 
will be erased to FF. 
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• 


::sonware Data 
I 
Protection Enable Algorithm ( ) 
Software Data 
I 
Protection Disable Algorithm ( ) 


Noles for soflware program code: 
I. Data Formal: 1107 - UOO (Hex); 
Address Format: A14 - AO(Hex). 


2. Data Protect slate will be activaled al end of program cycle. 
3. Dala Protect slate will be deactivaled at end of program period. 
4. 64 bytes of dala must be loaded. 


~_x 
:~ 


----------/ 
~ 


~----------;7/ 
/-- 


~-~ 
BYTE 0 
BYTE 62 
BYTE 63I-- tWc-----1 


Notes: 
1. A6 ihrough A14 musl specify the page address during each high 10 low transilion of WE (or CE) 


after the software code has been entered. 
2. OE must be high when WE and CE are both low. 
3. All bytes that are not loaded within the page being programmed 
will be erased to FF. 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 


tDH 
Data Hold Time 
0 
ns 


tOEH 
OEHoldTime 
10 
ns 


tOE 
OE to Output Delay 
100 
ns 


twR 
Write Recovery Time 
0 
ns • 


Data Polling Waveforms 


WE 


AO-A14 
A_n_X 
An X 
An 
~ 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 


tDH 
Data Hold Time 
0 
ns 


tOEH 
OE Hold Time 
10 
ns 


tOE 
OE to Output Delay 
100 
ns 


tOEHP 
OE High Pulse 
150 
ns 


twR 
Write Recovery Time 
0 
ns 


Toggle Bit Waveforms 


WE 


Notes: 
I. Toggling either OE or CE or both OE and CE will operate toggle bit. 
2. Beginning and ending state of I/06 will vary. 
3. Any address location may be used but the address should not vary. 
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Software Product 
Identification 
Entry 
(I) 


LOADDATAAA 
TO 
ADDRESS 5555 


ENTER PRODUCT 
IDENTIFICATION 
MODE (2.3) 


Notes for software product identification: 
I. Data Format: 
IlO? - IlOO (Hex); 
Address Format: AI4 - AO(Hex). 
2. Al - AI4 = VIL 
Manufacture Code is read for AO= VIL; 
Device Code is read for AO= VIH. 
3. The device does not remain in identification mode if 
powered down. 


4. The device returns to standard operaIion mode. 
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Software Product 
1 


Identification 
Exit ( ) 


LOADDATAAA 
TO 
ADDRESS 5555 


EXIT PRODUCT 
IDENTIFICATION 
MODE (4) 


NORMALIZED 
SUPPLY 
CURRENT 
V5. 


TEMPERATURE 


N 
0 
1.3 
r 
m 
• 
1.2 
I 
I 
1.1 
z 
•d 
1.0 


b 
0.9 


C 


NORMALIZED 
SUPPLY 
CURRENT 
V5. 


ADDRESS 
FREQUENCY 


N 
o 
r 
m 
1.0 
•I 
I 
0.9 
z•d 


AliiiII 


NORMALIZED 
SUPPLY 
CURRENT 
V5. 


SUPPLY 
VOLTAGE 


N 
o 
r 
m 
1.2 
•I 
I 
1.0 
z•d 


I 
C 
C 
0.6 
4. 0 
• 
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fAce 
Icc(mA) 
Ordering Code 
Package 
Operation 
Range 
(ns) 
Active 
Standby 


90 
80 
0.3 
AT29C256-900C 
2806 
Commercial 
AT29C256-90JC 
32J 
(0° to 70°C) 
AT29C256-90PC 
28P6 


120 
80 
0.3 
AT29C256-120C 
2806 
Commercial 
AT29C256-12JC 
32J 
(0° to 70°C) 
AT29C256-12LC 
32L 
AT29C256-12PC 
28P6 


AT29C256-1201 
2806 
Industrial 
AT29C256-12JI 
32J 
(-40° to 85°C) 


AT29C256-12L1 
32L 
AT29C256-12PI 
28P6 


AT29C256-120M 
2806 
Military 
AT29C256-12LM 
32L 
(-55°C to 125°C) 


AT29C256-120M/883 
2806 
Military/883C 
AT29C256-12LM/883 
32L 
Class S, Fully Compliant 
(-55°C to 125°C) 


150 
80 
0.3 
AT29C256-150C 
2806 
Commercial 


AT29C256-15JC 
32J 
(DO to 70°C) 
AT29C256-15LC 
32L 
AT29C256-15PC 
28P6 


AT29C256-1501 
2806 
Industrial 
AT29C256-15JI 
32J 
(-40° to 85°C) 


AT29C256-15L1 
32L 
AT29C256-15PI 
28P6 


AT29C256-150M 
2806 
Military 
AT29C256-15LM 
32L 
(-55°C to 125°C) 


AT29C256-150M/883 
2806 
Military/883C 
AT29C256-15LM/883 
32L 
Class S, Fully Compliant 
(-55°C to 125°C) 


200 
80 
0.3 
AT29C256-200C 
2806 
Commercial 
AT29C256-20JC 
32J 
(0° to 70°C) 
AT29C256-20LC 
32L 
AT29C256-20PC 
28P6 


AT29C256-2001 
2806 
Industrial 
AT29C256-20JI 
32J 
(-40° to 85°C) 


AT29C256-20Ll 
32L 
AT29C256-20PI 
28P6 


AT29C256-200M 
2806 
Military 
AT29C256-20LM 
32L 
(-55°C to 125°C) 


AT29C256-200M/883 
2806 
Military/883C 
AT29C256-20LM/883 
32L 
Class S, Fully Compliant 
(-55°C to 125°C) 


250 
80 
0.3 
AT29C256-250C 
2806 
Commercial 
AT29C256-25JC 
32J 
(0° to 70°C) 


AT29C256-25LC 
32L 
AT29C256-25PC 
28P6 


lAcc 
Icc(mA) 
Ordering Code 
Package 
Operation 
Range 
(ns) 
Active 
Standby 


250 
80 
0.3 
AT29C256-25DI 
28D6 
Industrial 


AT29C256-25JI 
32J 
(-40° to 85°C) 


AT29C256-25L1 
32L 
AT29C256-25PI 
28P6 


AT29C256-25DM 
28D6 
Military 


AT29C256-25LM 
32L 
(-55°C to 125°C) 


AT29C256-25DM/883 
28D6 
Military/883C 


AT29C256-25LM/883 
32L 
Class S, Fully Compliant 


(-55°C to 125°C) • 


tAcC 
Icc(mA) 
Ordering Code 
Package 
Operation 
Range 
(ns) 
Active 
Standby 


120 
80 
0.3 
AT29C256-12TC 
28T 
Commercial 
(0° to 70°C) 


150 
80 
0.3 
AT29C256-15TC 
28T 
Commercial 
(0° to 70°C) 


Package Type 


2806 
28 Lead, 0.600· Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip) 


32J 
32 Lead, Plastic J-Leaded Chip Carrier (PLCC) 


32L 
32 Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC) 


28P6 
28 Lead, 0.600· Wide, Plastic Dual Inline Package (PDIP) 


28T 
28 Lead, Thin Small Outline Package (TSOP) 
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AlmEL 


Features 


• 
Single 3.3 V ± 10"10Supply 
• 
Three-Volt-Only 
Read and Write Operation 
• 
Software Protected 
Programming 
• 
Low Power Dissipation 
15 mA Active Current 
20 l1A CMOS Standby Current 
• 
Fast Read Access Time - 200 ns 
• 
Sector Program Operation 
Single Cycle Reprogram 
(Erase and Program) 
512 sectors 
(64 bytes/sector) 
Internal Address and Data Latches for 64 Bytes 
• 
Fast sector Program Cycle Time - 20 ms Max. 
• 
Internal Program COntrol and Timer 
• 
DATA Polling for End of Program Detection 
• 
High Reliability 
CMOS Technology 
1000 Program Cycles per Sector 
1o-Year Data Retention 
• 
CMOS and TTL COmpatible Inputs and Outputs 
• 
COmmercial and Industrial Temperature 
Ranges 


Description 


The AT29LV256 
is a three-volt-only 
in-system Programmable 
Erasable Rea 
(pEROM). 
Its 256K of memory is organized as 32,768 words by 8 bits. Ma 
Atmel's 
advanced nonvolatile 
CMOS technology, 
the device offers ac~Ss 
with power dissipation 
of just 54 mW over the commercial 
temper 
" 
device is deselected, 
the CMOS standby current is less than 20 !lA., 


Pin Name 


AO-A14 


CE 


OE 


WE 


1/00-1/07 


NC 


Function 


Addresses 


Chip 
Enable 


Output 
Enable 


Write 
Enable 


TSOP Top View 
Type 1 


• 


OE 
All 
A9 AS 
A13 
AI4 
VCC 
WE 
A12 
AS A7 
A5 
A. 
A3 


2322~~: 
), 
28 
1 2 
• 


• 
3 
2 
1 323130 
AS 
5 
29 
AS 
6 
28 
A4 
7 
27 
A3 
8 
26 
A2 
9 
25 
A1 
10 
2. 
AD 
11 
23 
NC 
12 
22 
VOO 
13 
21 
14151617181920 


IIO's 
12 
NC3.5 
GND 


Note: PLCC package 
pins 1 and 


17 are DON'T 
CONNECT. 
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CE 
:~ 


1106 
1105 
1104 
1103 
GND 
1102 
1101 
1100 
AD 
A2 
A1 
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Description 
(Continued) 
To 
allow 
for 
simple 
in-system 
reprogrammability, 
the 
AT29L V256 does not require high input voltages for program- 
ming. Three-volt-only 
commands 
determine 
the operation 
of 
the device. Reading data out of the device is similar to reading 
from an EPROM. 
Reprogramming 
the AT29LV256 
is per- 
formed on a sector basis; 64 bytes of data are loaded into the 
device and then simultaneously 
programmed. 


During a reprogram cycle, the address locations and 64 bytes of 
data 
are 
captured 
at microprocessor 
speed 
and 
internally 


OE 


WE 


CE 


ADDRESS 
[ 


INPUTS 


OE, CEANDWE 


LOGIC 


Device Operation 


READ: 
The AT29L V256 is accessed like an EPROM. When 


CE and OE are low and WE is high, the data stored at the mem- 
ory location determined 
by the address pins is asserted on the 
outputs. The outputs are put in the high impedance state when- 
ever CE or OE is high. This dual-line control gives designers 
flexibility in preventing bus contention. 


SOFIW ARE DATA PROTECTION 
PROGRAMMING: 
The 
AT29LV256 
has 512 individual 
sectors, each 64 bytes. Using 
the software data protection feature, byte loads are used to enter 
the 64 bytes of a sector to be programmed. 
The AT29L V256 can 
only be programmed 
or reprogrammed 
using the software data 
protection feature. The device is programmed 
on a sector basis. 


If a byte of data within the sector is to be changed, data for the 
entire 
64-byte 
sector 
must 
be loaded 
into the device. 
The 
AT29L V256 automatically 
does a sector erase prior to loading 
the data into the sector. An erase command is not required. 


Software data protection 
protects 
the device from inadvertent 
programming. 
A series of three program commands to specific 
addresses with specific data must be presented to the device be- 
fore programming 
may occur. The same three program com- 
mands must begin each program operation. 
All software pro- 
gram commands must obey the sector program timing specifica- 


latched, freeing the address and data bus for other operations. 
Following the initiation of a program cycle, the device will au- 
tomatically 
erase the sector and then program the latched data 
using an internal control timer. The end of a program cycle can 
be detected by DATA polling of I/07. 
Once the end of a pro- 


gram cycle has been detected, a new access for a read or pro- 
gram can begin. 


tions. Power transitions will not reset the software data protec- 
tion feature, however the software feature will guard against in- 
advertent program cycles during power transitions. 


Once set, software data protection will remain active unless the 
disable command sequence is issued. 


After setting SDP, any attempt to write to the device without the 
three-byte command sequence will start the internal write tim- 
ers. No data will be written to the device; however, for the dura- 
tion of twe, a read operation will effectively be a polling opera- 
tion. 


After the software data protection's 
three-byte command code is 
given, a byte load is performed 
by applying a low pulse on the 


WE or CE input with CE or WE low (respectively) 
and OE high. 
The address is latched on the falling edge of CE or WE, which- 
ever occurs last. The data is latched by the first rising edge of CE 


or WE. 


The 64 bytes of data must be loaded into each sector. Any byte 
that is not loaded during the programming 
of its sector will be 
erased to read FFh. Once the bytes of a sector are loaded into the 
device, they are simultaneously 
programmed 
during the internal 


programming 
period. After the fust data byte has been loaded 


continued on next page 


Device Operation 
(Continued) 


into the device, successive bytes are entered in the same man- 
ner. Each new byte to be programmed 
must have its high to low 


transition on WE (orCE) 
within 150 ~ of the low to high tran- 


sition of WE (or CE) of the preceding 
byte. If a high to low 
transition is not detected within 150 ~ 
of the last low to high 


transition, 
the load period will end and the internal program- 


ming period will start. A6 to AI4 specify the sector address. The 
sector address must be valid during each high to low transition 
of WE (or CE). AO to A5 specify the byte address within the 
sector. The bytes may be loaded in any order; sequential loading 
is not required. 


HARDWARE 
DATA 
PROTECTION: 
Hardware 
features 


protect against inadvertent 
programs to the AT29L V256 in the 


following ways: (a) Vcc sense-- 
if Vcc is below 1.8 V (typi- 


cal), the program 
function 
is inhibited. 
(b) Vcc 
power 
on 


delay- 
once Vcc has reached the Vcc sense level, the device 


will automatically 
time out 10 ms (typical) before program- 
ming. (c) Program 
inhibit- 
holding anyone 
of OE low, CE 


high or WE high inhibits program 
cycles. 
(d) Noise filter- 


pulses of less than 15 ns (typical) on the WE or CE inputs will 
not initiate a program cycle. 


INPUT LEVELS: 
While operating 
with a 3.3 V ±10% power 


supply, the address inputs and control inputs (OE, CE and WE) 
may be driven from 0 to 5.5 V without adversely affecting the 
operation of the device. The I/O lines can only be driven from 0 
to 3.6 volts. 


PRODUCT 
IDENTIFICATION: 
The product 
identification 


mode identifies the device and manufacturer 
as Atrnel. It may be 


accessed by hardware or software operation. The hardware op- 


Absolute Maximum Ratings· 


Temperature 
Under Bias 
-55°C to + 125°C 


Storage 
Temperature 
-65°C to + 150°C 


All Input Voltages 
(including 
N.C. Pins) 


with Respect 
to Ground 
-0.6 V to +6.25 V 


All Output 
Voltages 
with Respect 
to Ground 
-0.6 V to Vcc +0.6 V 


VoltageonA9 
(inclUding N.C. Pins) 
with Respect 
to Ground 
-0.6 V to +13.5 V 


eration mode can be used by an external programmer 
to identify 
the correct programming 
algorithm 
for the Atrnel product. In 
addition, users may wish to use the software product identifica- 
tion mode to identify the part (i.e. using the device code), and 
have the system software use the appropriate sector size for pro- 
gram operations. 
In this manner, the user can have a common 
board design for 256K to 4-megabit 
densities 
and, with each 3 


density's sector size in a memory map, have the system software 
apply the appropriate 
sector size. 


For details, see Operating 
Modes (for hardware 
operation) 
or 
Software Product Identification. 
The manufacturer 
and device 
code is the same for both modes. 


DATA 
POLLING: 
The AT29L V256 features DATA polling 
to indicate the end of a program cycle. During a program cycle 
an attempted read of the last byte loaded will result in the com- 
plement of the loaded data on I/07. Once the program cycle has 
been completed, 
true data is valid on all outputs and the next 
cycle may begin. DATA polling may begin at any time during 
the program cycle. 


TOGGLE BIT: 
In addition to DATA polling the AT29L V256 


provides another method for determining 
the end of a program 
or erase cycle. During a program or erase operation, 
successive 


attempts to read data from the device will result in I/06 toggling 
between one and zero. Once the program cycle has completed, 
006 
will stop toggling and valid data will be read. Examining 


the toggle bit may begin at any time during a program cycle. 


OPTIONAL 
CHIP ERASE MODES: 
The entire device may 


be erased by either using a six-byte software code or high volt- 
age. For details, please contact Atrnel. 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Typ 
Max 
Units 
Conditions 


CIN 
I 
4 
6 
pF 
VIN = 0 V 


COUT 
I 
8 
12 
pF 
VOUT= 0 V 
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AT29LV256·20 
. 
AT29L V256·25 


Operating 
Com. 
OOC-70°C 
OOC-70°C 


Temperature 
(Case) 
Ind. 
-40°C - 85°C 
-40°C - 85°C 


Vcc Power Supply 
3.3 V±0.3 
V 
3.3 V±0.3 
V 


Mode 
CE 
OE 
WE 
AI 
1/0 


Read 
VIL 
VIL 
VIH 
Ai 
DOUT 
Program(2) 
VIL 
VIH 
VIL 
Ai 
DIN 


StandbylWrite 
Inhibit 
VIH 
X(l) 
X 
X 
HighZ 


Program Inhibit 
X 
X 
VIH 


Program Inhibit 
X 
VIL 
X 


Output Disable 
X 
VIH 
X 
HighZ 


A1-A14 = VIL,A9 = VH(3), 
Manufacturer 
Code(4) 
AO = VIL 
Product Identification 
VIL 
VIL 
VIH 
A1-A14 = VIL.A9 = VH (~l, 
Device Code(4) 
AO = VIH 
NOles: 1. X can be Va or Vrn. 


2. Refer to AC. Programming Waveforms. 


3. VH = 12.0 V ± 0.5 V. 
4. Manufacturer Code: IF, Device Code: BC. 


Symbol 
Parameter 
Condition 
Mln 
Max 
Units 


III 
Input Load Current 
VIN = 0 V to Vcc 
1 
!!A 


ILO 
Output Leakage Current 
VI/O = 0 V to Vcc 
1 
!!A 


1581 
Vcc Standby Current CMOS 
CE = Vcc - 0.3 V to Vcc 
Com. 
20 
!!A 


Ind. 
50 
!!A 


1582 
Vcc Standby Current TTL 
CE = 2.0 V to Vcc 
1 
mA 


Ice 
Vcc Active Current 
f = 5 MHz; lOUT= 0 mA; Vcc = 3.6 V 
15 
mA 


VIL 
Input Low Voltage 
0.6 
V 


VIH 
Input High Voltage 
2.0 
V 


VOL 
Output Low Voltage 
IOL= 1.6 mA; Vcc = 3.0 V 
.45 
V 


VOH 
Output High Voltage 
IOH= -100 !!A; Vcc = 3.0 V 
2.4 
V 


A T29L V256-20 
A T29L V256-25 


Symbol 
Parameter 
Min 
Max 
Min 
Max 
Units 


IAcc 
Address 
to OUtput 
Delay 
200 
250 
ns 


tCE (1) 
CE to OUtput 
Delay 
200 
250 
ns 


tOE (2) 
OE to OUtput 
Delay 
0 
100 
0 
120 
ns 
tDF (3,4) 
CE or OE to Output 
Float 
0 
55 
0 
80 
ns 


tOH 
OUtput 
Hold from OE, CE or Address, 
0 
0 
ns 
whichever 
occurred 
first 
• 


OUTPUT 
VALID 


NOles: 
1. CE may be delayed up to tACC- teE after the address transition 


without impact on IACC. 


2. OE may be delayed up to teE - toE after the falling edge 
of CE without impact on teE or by tACC- toE after an address 
change without impact on tACC. 


3. tDFis specified from OE or CE whichever occurs fIrst 
(CL = 5 pF). 
4. This parameter is characterized and is not 100% tested. 


Input Test Waveforms 
and 
Measurement 
Level 


< 


2.4V 
AC 
DRIVING 
LEVELS 
OAV 


tR,tF<5 
ns 


AC 
MEASUREMENT 
LEVEL 


Output Test Load 


3.3V 


1.811 


OUTPUT 
PIN 


1.3K 
~ 
100pF 
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Symbol 
Parameter 
Mln 
Max 
Units 


twc 
Write Cycle Time 
20 
ms 


tAs 
Address Set-up Time 
10 
ns 


tAH 
Address Hold Time 
100 
ns 


tos 
Data Set-up Time 
100 
ns 


tOH 
Data Hold Time 
10 
ns 


twP 
Write Pulse Width 
200 
ns 


tSlC 
Byte Load Cycle Time 
150 
~ 


twPH 
Write Pulse Width High 
200 
ns 


OE 
(I) 
/ 


CE 


WE 
!AS 


AO-A5 


(2) 


A6-A14 


(3) 


DATA 
55 


~_x __ ~:~ 


/~ 


~--------~7/ 
~ 
:: 
~ 
BYTE 0 
BYTE 62 
BYTE 63I-- tWc---J 


Notes: 
I. OE must be high when WE and CE are both low. 
2. A6 through Al4 must specify the sector address during each 


high to low transition of WE (or CE) after the software code 
has been entered. 


3. All bytes that are not loaded withIn the sector beIng pro- 


grammed 
will be erased to FF. 


Notes for software program code: 
I. Data Format: I/07-I/OO (Hex); 


Address Format: AI4-AO (Hex). 
2. Data Protect state will be re-activated at end of program cycle. 
3. 64 bytes of data MUST BE loaded. 


Symbol 
Parameter 
Mln 
Max 
Units 


lAs, tOES 
Address, DE Set-up Time 
10 
ns 


IAH 
Address Hold Time 
100 
ns 


tcs 
Chip Select Set-up Time 
0 
ns 


tCH 
Chip Select Hold Time 
0 
ns 


!wp 
Write Pulse Width (WE or CE) 
200 
ns 


tos 
Data Set-up Time 
100 
ns 


tOH,tOEH 
Data, DE Hold Time 
10 
ns 


!wc 
Write Cycle Time 
20 
ms • 


A.C. Byte Load Waveforms 
During Software Protection 
(1,2) 


WE Controlled 


DE 


tWP 


DATA 
_1_N 
<E::::tD::::s::::::::::::::::::::::::::::tD::::H::::3---- 


CE Controlled 


DE 


Noles: 
1. The software data protection commands must be applied prior 


to byte loads. 


2. A complete sector (64 bytes) should be loaded using these 


waveforms as shown in the Software Protected Byte Load 
waveforms (see previous page). 
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Data Polling Characteristics(l) 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 


tOH 
Data Hold Time 
10 
ns 


tOEH 
OE Hold Time 
10 
ns 


tOE 
OE to Output Delay 
120 
ns 


twR 
Write Recovery Time 
0 
ns 


Data Polling Waveforms 


WE 


AO-A15 
A_n~X 
An 
X 
An 
~ 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 


tOH 
Data Hold Time 
10 
ns 


tOEH 
OEHoldTime 
10 
ns 


tOE 
OE to Output Delay 
120 
ns 


tOEHP 
OE High Pulse 
150 
ns 


twR 
Write Recovery Time 
0 
ns 


Toggle Bit Waveforms 
(1,3) 


WE 


Noles: 
I. Toggling either DE or CE or both DE and CE will operate 
toggle bit. 


2. Beginning and ending state of I/D6 will vary. 
3. Any address localion may be used but the address should not vary. 


Software Product 
Identification 
Entry 
(1) 


ENTER PRODUCT 
IDENTIFICATION 
MODE (2,3) 


Notes for software product identification: 
1. Data Format: 1/07 - 1/00 (Hex); 
Address Format: Al4 - AO(Hex). 
2. Al - Al4 = VtL. 
Manufacture Code is read for AO= VII'; 
Device Code is read for AO= V!H. 
3. The device does not remain in identification mode if 
powered down. 
4. The device returns to standard operation mode. 
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Software Product 
Identification 
Exit (1) 


EXIT PRODUCT 
IDENTIFICATION 
MODE (4) • 


lAce 
Icc(mA) 
Ordering Code 
Package 
Operation 
Range 
(ns) 
Active 
Standby 


200 
15 
0.02 
AT29LV256-200C 
2806 
Commercial 


AT29LV256-20JC 
32J 
(0° to 70°C) 


AT29LV256-20PC 
28P6 


15 
0.05 
AT29L V256-2001 
2806 
Industrial 


AT29LV256-20JI 
32J 
(-40° to 85°C) 


AT29LV256-20PI 
28P6 


250 
15 
0.02 
AT29L V256-250C 
2806 
Commercial 


AT29L V256-25JC 
32J 
(0° to 70°C) 


AT29L V256-25PC 
28P6 


15 
0.05 
AT29L V256-2501 
2806 
Industrial 


AT29LV256-25JI 
32J 
(-40° to 85°C) 


AT29LV256-25PI 
28P6 


lAce 
Icc(mA) 
Ordering Code 
Package 
Operation 
Range 
(ns) 
Active 
Standby 


200 
15 
0.02 
AT29 LV256-20TC 
28T 
Commercial 
(0° to 70°C) 


250 
15 
0.02 
AT29L V256-25TC 
28T 
Commercial 
(0° to 70°C) 


Package 
Type 


2806 
28 Lead, 0.600· Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip) 


32J 
32 Lead, Plastic J-Leaded Chip Carrier (PLCC) 


28P6 
28 Lead, 0.600· Wide, Plastic Duallnline 
Package (PDIP) 


28T 
28 Lead, Thin Small Outline Package (TSOP) 


Features 


• 
Fast Read Access Time - 90 ns 


• 
Five-Volt-Only 
Reprogramming 


• 
Page Program Operation 


Single Cycle Reprogram 
(Erase and Program) 


Internal Address and Data Latches for 64 Bytes 


• 
Fast Program Cycle Times 


Page (64 Byte) Program Time -10 ms 
Chip Erase Time - 10 ms 


• 
Internal Program Control Timer 


• 
Low Power Dissipation 


80 mA Active Current 
300 ~ 
CMOS Standby Current 


• 
Hardware and Software 
Data Protection 


• 
DATA Polling for End of Program Detection 


• 
High Reliability 
CMOS Technology 


1000 Erase/Program 
Cycles 


10 Year Data Retention 


• 
Single 5 V ± 10% Supply 


• 
CMOS and TTL Compatible 
Inputs and Outputs 


• 
Full Military, Commercial, 
and Industrial Temperature 
Ranges 


• 
Pin-Compatible 
with 29C010 and 29C512 for Easy System Upgrades 


Description 


The AT29C257 is a five-volt-only 
in-system Programmable 
and Erasable Read Only Memory 


(pEROM). 
Its 256K of memory is organized as 32,768 words by 8 bits. Manufactured 
with 


Atmel's advanced nonvolatile CMOS technology, the device offers access times to 90 ns with 
power dissipation of just 440 mW. When the device is deselected, the CMOS standby current 
is less than 300 ~. 


To allow for simple in-system reprogrammability, 
the AT29C257 does not require high input 


voltages for programming. 
Five-volt-only 
commands 
determine the operation of the device. 
Reading data out of the device is similar to reading from a static RAM. Reprogramming 
the 


AT29C257 is performed 
on a page basis; 64 bytes of data are loaded into the device and then 


simultaneously 
programmed. 
The contents of the entire device may be erased by using a six- 
byte software code (although erasure before programming 
is not needed). 


During a reprogram 
cycle, the address locations and 64 bytes of data are internally latched, 


freeing the address and data bus for other operations. 
Following 
the initiation of a program 


cycle, the device will automatically 
erase the page and then program the latched data using an 


internal control timer. The end ofa program cycle can be detected by DATA polling of 1/07. 
Once the end of a program cycle has been detected a new access for a read, program or chip 
erase can begin. 


Pin Name 
Function 


AO-A14 
Addresses 


CE 
Chip Enable 


DE 
Output Enable 


WE 
Write Enable 


1/00-1/07 
Data InputslOutputs 


NC 
No Connect 


A12 
NC 
Vet; 
NC 
NC 
NC 
WE 


4 
3 
2 
1 323130 
A7 
5 
29 
AS 
6 
26 
AS 
7 
27 
A4 
8 
26 
A3 
9 
25 
A2 
10 
24 
A1 
11 
23 
AO 
12 
22 
1100 
13 
21 
14151617181920 


110'5123456 
GND 


Notes: 
1. PLCC package pin 30 is a DON'T 


CONNECT. 
2. To upgrade 10 the I-MbiI29C01O, 
pin 3 is A15 and pin 2 is A16. 


AlmEL 


• 
256K (32K X 8) 
5-Volt Only 
CMOS 
PEROM 


AlmEL 


OE 


WE 


CE 


ADDRESS 
[ 
INPUTS 


OE, CEANDWE 
LOGIC 


Device Operation 


READ: 
The AT29C257 
is accessed like a static RAM. When 
CE and OE are low and WE is high, the data stored at the mem- 
ory location determined 
by the address pins is asserted on the 
outputs. The outputs are put in the high impedance state when- 
ever CE or OE is high. This dual-line control gives designers 
flexibility in preventing bus contention. 


BYTE LOAD: 
A byte load is performed 
by applying a low 
pulse on the WE or CE input with CE or WE low (respectively) 
and OE high. The address is latched on the falling edge of CE or 
WE, whichever occurs last. The data is latched by the first rising 
edge of CE or WE. Byte loads are used to enter the 64 bytes of 
a page to be programmed 
or the software codes for data protec- 
tion and chip erasure. 


PROGRAM: 
The device is reprogrammed 
on a page basis. If 
a byte of data within a page is to be changed, data for the entire 
page must be loaded into the device. Any byte that is not loaded 
during the programming 
of its page will be erased to read FFh. 
Once the bytes of a page are loaded into the device, they are 
simultaneously 
programmed 
during the internal programming 
period. After the first data byte has been loaded into the device, 
successive bytes are entered in the same manner. Each new byte 
to be programmed 
must have its high to low transition on WE 
(or CE) within 150 ~ 
of the low to high transition of WE (or 
CE) of the preceding byte. If a high to low transition is not de- 
tected within 150 ~ 
of the last low to high transition, the load 
period will end and the internal programming 
period will start. 
A6 to A 14 specify the page address. The page address must be 
valid during each high to low transition of WE (or CE). AO to 
AS specify the byte address within the page. The bytes may be 
loaded in any order; sequential loading is not required. 


SOFTWARE 
DATA PROTECTION: 
A software controlled 
data protection feature is available on the AT29C257. Once the 
software protection is enabled a software algorithm must be is- 
sued to the device before a program 
may be performed. 
The 
software protection 
feature may be enabled or disabled by the 


user; when shipped from Atmel, the software 
data protection 
feature is disabled. To enable the software data protection, a se· 
ries of three program commands 
to specific addresses with spe- 
cific data must be performed. After the software data protection 
is enabled the same three program commands 
must begin each 
program cycle in order for the programs to occur. All software 
program commands must obey the page program timing speci- 
fications. Once set, the software data protection feature remains 
active unless its disable command 
is issued. Power transitions 
will not reset the software data protection 
feature, however the 
software feature will guard against inadvertent program cycles 
during power transitions. 


Once set, software data protection will remain active unless the 
disable command sequence is issued. 


After setting SOP, any attempt to write to the device without the 
three-byte command sequence will start the internal write tim- 
ers. No data will be written to the device; however, for the dura- 
tion of twe, a read operation will effectively be a polling opera- 
tion. 


After the software data protection's 
three-byte command code is 
given, a byte load is performed 
by applying a low pulse on the 
WE orCE input with CE or WE low (respectively) 
and OE high. 
The address is latched on the falling edge of CE or WE, which- 
ever occurs last. The data is latched by the first rising edge of CE 
or WE. 


The 64 bytes of data must be loaded into each sector. Any byte 
that is not loaded during the programming 
of its sector will be 
erased to read FFh. Once the bytes of a sector are loaded into the 
device, they are simultaneously 
programmed 
during the internal 
programming 
period. After the first data byte has been loaded 
into the device, successive bytes are entered in the same man· 
nero Each new byte to be programmed 
must have its high to low 
transition on WE (or CE) within 150 ~s of the low to high tran- 
sition of WE (or CE) of the preceding 
byte. If a high to low 
transition is not detected within 150 ~ 
of the last low to high 


continued on next page 


Device Operation 
(Continued) 


transition, 
the load period will end and the internal program- 


mingperiod 
will start. A6 to AI4 specify the sector address. The 


sector address must be valid during each high to low transition 
of WE (or CE). AO to AS specify the byte address within the 
sector. The bytes may be loaded in any order; sequential loading 
is not required. 


HARDWARE 
DATA 
PROTECTION: 
Hardware 
features 
protect against inadvertent 
programs 
to the AT29C257 
in the 


foUowing ways: (a) Ycc sense- 
if Ycc is below 3.8 Y (typi- 


cal), the program 
function 
is inhibited. 
(b) Ycc 
power 
on 


delay- 
once Ycc has reached the Ycc sense level, the device 


will automatically 
time out 5 ms (typical) before programming. 
(c) Program inhibit- 
holding anyone 
of OE low, CE high or 


WE high inhibits program cycles. (d) Noise fJ.Iter- 
pulses of 


less than 15 ns (typical) on the WE or CE inputs will not initiate 
a program cycle. 


PRODUCT 
lDENTIF1CATlON: 
The product 
identification 


mode identifies 
the device and manufacturer 
and may be ac- 


Absolute Maximum Ratings· 


Temperature 
Under Bias 
-55°C to +125°C 


Storage Temperature 
-65°C to +150oC 


All Input Voltages 
(including N.C. Pins) 
with Respect to Ground 
-0.6 V to +6.25 V 


All Output Voltages 
with Respect to Ground 
-0.6 V to Vcc +0.6 V 


Voltage on OE 
with Respect to Ground 
-0.6 V to +13.5 V 


cessed by a hardware or software operation. For details, see Op- 
erating Modes or Software Product Identification. 


DATA POLLING: 
The AT29C257 features DATA polling to 


indicate the end of a program cycle. During a program cycle an 
attempted read of the last byte loaded will result in the comple- 
ment of the loaded data on 1/07. Once the program cycle has. 
been completed, 
true data is valid on all outputs and the next 
cycle may begin. DATA polling may begin at any time during 
the program cycle. 


TOGGLE BIT: 
In addition to DATA poUing the AT29C257 
provides another method for determining 
the end of a program 
or erase cycle. During a program or erase operation, successive 
attempts to read data from the device will result in 1/06 toggling 
between one and zero. Once the program cycle has completed, 
I/06 will stop toggling and valid data will be read. Examining 
the toggle bit may begin at any time during a program cycle. 


OPTIONAL 
CHIP ERASE MODES: 
The entire device may 


be erased by either using a six-byte software code or high volt- 
age. For details, please contact Atrnel. 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 


mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Typ 
Max 
Units 
Conditions 


CIN 
I 
4 
6 
pF 
VIN = 0 V 


COUT 
I 
8 
12 
pF 
VOUT= 
0 V 


AlmEL 


AlmEL 


AT29C257·90 
AT29C257·12 
AT29C257·15 
AT29C257-20 
AT29C257-25 


Operating 
Com. 
OOC-70°C 
OOC-70°C 
OOC-70°C 
OOC-70°C 
OOC-70°C 
Temperature 
Ind. 
-40°C - 85°C 
-40°C - 85°C 
-40°C - 85°C 
-40°C - 85°C 
(Case) 


Vcc Power Supply 
5 V± 10% 
5 V± 10% 
5 V± 10% 
5 V± 10% 
5 V± 10% 


Mode 
CE 
OE 
WE 
AI 
I/O 


Read 
VIL 
VIL 
VIH 
Ai 
DOUT 


Program(2) 
VIL 
VIH 
VIL 
Ai 
DIN 


5V Chip Erase 
VIL 
VIH 
VIL 
Ai 


StandbylWrite 
Inhibit 
VIH 
X(1) 
X 
X 
HighZ 


Write Inhibit 
X 
X 
VIH 


Write Inhibit 
X 
VIL 
X 


Output Disable 
X 
VIH 
X 
HighZ 


High Voltage Chip Erase 
VIL 
VH (3) 
VIL 
X 
HighZ 


A1-A14 = VIL.A9 = VH. 
Manufacturer 
Code(4) 


Product Identification 
VIL 
VIL 
VIH 
AD - VIL 


A1-A14 = VIL.A9 = VH. 
Device Code(4) 
AD = VIH 


Noles: 
1. X can be VII. or Vrn. 
2. Refer 10 A.c. Programming Waveforms. 


3. VH = 12.0 V ± 0.5 V. 
4. Manufacturer Code: IF, Device Code: DC 


Symbol 
Parameter 
Condition 
Mln 
Max 
Unns 


III 
Input Load Current 
VIN = 0 V to Vcc 
10 
!!A 


ILa 
Output Leakage Current 
VUO= 0 Vto Vcc 
10 
!!A 


18B1 
Vcc Standby Current CMOS 
CE = Vcc-0.3V 
to Vcc 
300 
!!A 


18B2 
Vcc Standby Current TIL 
CE = 2.0 V to Vcc 
3 
mA 


Ice 
Vcc Active Current 
f= 5 MHz; lOUT= 0 mA 
50 
mA 


VIL 
Input Low Voltage 
0.8 
V 


VIH 
Input High Voltage 
2.0 
V 


VOL 
Output Low Voltage 
IOL= 2.1 mA 
.45 
V 


VOH1 
Output High Voltage 
IOH= -400 J.l.A 
2.4 
V 


VOH2 
Output High Voltage CMOS 
IOH= -100 !!A; Vcc = 4.5V 
4.2 
V 


AT29C257- 
AT29C257- 
AT29C257· 
AT29C257· 
AT29C257· 


90 
12 
15 
20 
25 


Symbol 
Parameter 
Min 
Max 
Min 
Max 
Min 
Max 
Min 
Max 
Min 
Max 
Units 


IAcc 
Address to Output Delay 
90 
120 
150 
200 
250 
ns 
tCE (1) 
CE to Output Delay 
90 
120 
150 
200 
250 
ns 
tOE (2) 
OE to Output Delay 
0 
40 
0 
50 
0 
70 
0 
80 
0 
100 
ns 
tDF (3,4) 
CE or OE to Output Float 
0 
40 
0 
40 
0 
50 
0 
55 
0 
60 
ns 


Output Hold from OE, CE 


tOH 
or Address, whichever 
0 
0 
0 
0 
0 
ns 
occurred first 
• 


OUTPUT 
VALID 


Notes: 
1. CE may be delayed 
up to tACC - teE after the address 
transition 
without 
impact 
on tACC. 
2. OE may be delayed 
up to teE - toE after the falling 
edge 
of CE without 
impact 
on teE or by tACC- toE after an address 
change 
without 
impact 
on tACC. 


3. 
tDP is specified 
from OE or CE whichever 
occurs 
first 
(CL = 5 pF). 


4. 
This parameter 
is characterized 
and is not 100% tested. 


Input Test Waveforms 
and 


Measurement 
Level 
< 


3.0V 
AC 
DRIVING 
LEVELS 
O.OV 


AC 


MEASUREMENT 
LEVEL 


Output Test Load 


5.0V 


1.8Kll 


OUTPUT 
PIN 


1.3K 
:b 100pF 


AlmlL 


Symbol 
Parameter 
Mln 
Max 
Units 


tAs. tOES 
Address, OE Set-up Time 
0 
ns 


tAH 
Address Hold Time 
50 
ns 


tcs 
Chip Select Set-up Time 
0 
ns 


tCH 
Chip Select Hold Time 
0 
ns 


twp 
Write Pulse Width (WE or CEl 
90 
ns 


tDS 
Data Set-up Time 
50 
ns 


tDH,toEH 
Data, OE Hold Time 
0 
ns 


twc 
Write Cycle Time 
10 
ms 


A.C. Byte Load Waveforms- 
WE Controlled 


OE 


tWP 


DATA 
_1_N 
~t=tD=S=======t=D=H 
3~---- 


A.C. Byte Load Waveforms- 
CE Controlled 


OE 


tWP 


DATA_IN 
t=tD=S=======tD=H=3~---- 


Symbol 
Parameter 
Min 
Max 
Units 


twc 
Write Cycle Time 
10 
ms 


!As 
Address Set-up Time 
0 
ns 


tAH 
Address Hold Time 
50 
ns 


tos 
Data Set-up Time 
50 
ns 


tOH 
Data Hold Time 
0 
ns 


twp 
Write Pulse Width 
120 
ns 


tSLC 
Byte Load Cycle Time 
150 
lIS 


twPH 
Write Pulse Width High 
100 
ns • 


,<---------------'7/ 
/__ 


~---------7/ 
/__ 


~ 


BYTE 62 
BYTE 63I-- tWc---1 
Notes: 
A6 through A 14 must specify the page address during each high to 
low transition of WE (or CE). 
OE must be high when WE and CE are both low. 
All bytes that are not loaded within the page being programmed 
will be erased to FF. 


AlmEL 


AlmEL 


Software Data 
1 
Protection Enable Algorithm ( ) 


Software Data 
1 


Protection Disable Algorithm ( ) 


LOAD DATA 20 
TO 
ADDRESS 5555 


LOADDATAAA 
TO 


ADDRESS 5555 


Notes for software program code: 
1. Data Format: 1/07 - 1/00 (Hex); 
Address Format: A14 - AO(Hex). 
2. Data Protect state will be activated at end of program cycle. 
3. Data Protect state will be deactivated at end of program period. 
4. 64 bytes of data must be loaded. 


LOAD DATA 


TO 
(4) 


PAGE (64 BYTES) 


/~ 


~------------.'7/ 
~ 


:: 
~ 


BYTE 0 
BYTE 62 
BYTE 63I-- IWc----l 


Notes: 
1. A6 through A14 must specify the page address during each high to low 


transition of WE (or CE) after the software code has been entered. 
2. OE must be high when WE and CE are both low. 
3. All bytes that are not loaded within the page being programmed 
will 


be erased to FF. 


Symbol 
Parameter 
Mln 
Typ 
Max 
Unns' 


tDH 
Data Hold Time 
0 
ns 


tOEH 
OE Hold Time 
10 
ns 


tOE 
OE to Output Delay 
100 
ns 


twR 
Write Recovery Time 
0 
ns • 
Data Polling Waveforms 


WE 


AO-A14 
A_n_X 
An 
X 
An 
~ 


Symbol 
Parameter 
Mln 
Typ 
Max 
Unns 


tDH 
Data Hold Time 
0 
ns 


tOEH 
OE Hold Time 
10 
ns 


tOE 
OE to Output Delay 
100 
ns 


tOEHP 
OE High Pulse 
150 
ns 


twR 
Write Recovery Time 
0 
ns 


Toggle Bit Waveforms 


WE 


Notes: 
1. Toggling 
either 
OE or CE or both OE and CE will operate 
toggle 
bit. 


2. 
Beginning 
and ending 
state of J/06 
will vary. 


3. Any address 
location 
may be used but the address 
should 
not vary. 


AlmEL 


Software Product 
Identification 
Entry 
(I) 


lOADDATAAA 
TO 
ADDRESS 5555 


lOAD DATA 55 
TO 
ADDRESS 2AAA 


ENTER PRODUCT 
IDENTIFICATION 
MODE (2,3) 


Noles for software product identification: 
I. Data Format: 1/07 - I/OO(Hex); 
Address Format: Al4 - AD (Hex). 
2. AI-AI4=Vtt_ 
Manufacture Code is read for AD = VIL; 
Device Code is read for AD = VtH. 
3. The device does not remain in identification mode if 
powered down. 
4. The device returns to standard operation mode. 


AlmEL 


Software Product 
Identification 
Exit (I) 


lOADDATAFO 
TO 
ADDRESS 5555 


EXIT PRODUCT 
IDENTIFICATION 
MODE (4) 


NORMALIZED 
SUPPLY 
CURRENT 
YS. 


TEMPERATURE 


N 
o 
1.3 
r 
m 
• 
1.2 
I 
I 
1.1 
z•d 
1.0 


6 
0.9 


C 


NORMALIZED 
SUPPLY 
CURRENT 
YS. 


ADDRESS 
FREQUENCY 


N 
o 
r 
m 
1.0 
•I 


I 
0.9 
z 
•d 


NORMALIZED 
SUPPLY 
CURRENT 
YS. 


SUPPLY 
VOLTAGE 


N 
o 
r 
m 
1.2 
•I 
I 
1.0 
z 
•d 


I 
C 
C 
0.6 
4. 0 
• 


AlmEL 


IAcc 
Icc(mA) 
Ordering Code 
Package 
Operation 
Range 
(ns) 
Active 
Standby 


90 
80 
0.3 
AT29C257-900C 
3206 
Commercial 


AT29C257-90JC 
32J 
(0° to 70°C) 


AT29C257 -90PC 
32P6 


120 
80 
0.3 
AT29C257-120C 
3206 
Commercial 


AT29C257 -12JC 
32J 
(0° to 70°C) 


AT29C257-12LC 
32L 
AT29C257-12PC 
32P6 


AT29C257-1201 
3206 
Industrial 


AT29C257-12JI 
32J 
(-40° to 85°C) 


AT29C257 -12L1 
32L 
AT29C257 -12PI 
32P6 


150 
80 
0.3 
AT29C257-150C 
3206 
Commercial 


AT29C257-15JC 
32J 
(0° to 70°C) 


AT29C257-15LC 
32L 
AT29C257-15PC 
32P6 


AT29C257-1501 
3206 
Industrial 


AT29C257-15JI 
32J 
(-40° to 85°C) 


AT29C257 -15L1 
32L 
AT29C257-15PI 
32P6 


200 
80 
0.3 
AT29C257 -200C 
3206 
Commercial 


AT29C257 -20JC 
32J 
(00 to 70°C) 


AT29C257 -20LC 
32L 
AT29C257-20PC 
32P6 


AT29C257 -2001 
3206 
Industrial 


AT29C257-20JI 
32J 
(-40° to 85°C) 


AT29C257 -20Ll 
32L 
AT29C257-20PI 
32P6 


250 
80 
0.3 
AT29C257-250C 
3206 
Commercial 


AT29C257-25JC 
32J 
(0° to 70°C) 


AT29C257-25LC 
32L 
AT29C257-25PC 
32P6 


250 
80 
0.3 
AT29C257-2501 
3206 
Industrial 


AT29C257-25JI 
32J 
(-40° to 85°C) 


AT29C257 -25L1 
32L 
AT29C257-25PI 
32P6 


Package Type 


3206 
32 Lead, 0.600· Wide, Non-Windowed, Ceramic Oual Inline Package (Cerdip) 


32J 
32 Lead, Plastic J-Leaded Chip Carrier (PLCC) 


32L 
32 Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC) 


32P6 
32 Lead, 0.600· Wide, Plastic Ouallnline Package (POIP) 


Features 


• 
Fast Read Access Time - 90 ns 
• 
Five-Volt-Only 
Reprogramming 


• 
Sector Program Operation 
Single Cycle Reprogram 
(Erase and Program) 
512 Sectors (128 bytes/sector) 
Internal Address and Data Latches for 128 Bytes 


• 
Fast sector Program Cycle Time - 10 ms 


• 
Internal Program Control and Timer 


• 
Low Power Dissipation 
50 mA Active Current 
100 J.lACMOS Standby Current 


• 
Hardware and Software Data Protection 


• 
DATA Polling for End of Program Detection 


• 
High Reliability CMOS Technology 


1000 Program Cycles per Sector 
la-Year 
Data Retention 


• 
Single 5 V ±10% Supply 


• 
CMOS and TTL Compatible 
Inputs and Outputs 


• 
Full Military, Commercial, 
and Industrial Temperature 
Ranges 


Description 


The AT29C5I2 
is a five-volt-only 
in-system Programmable 
and Erasable Read Only Memory 


(pEROM). 
Its 5I2K of memory is organized as 65,536 words by 8 bits. Manufactured 
with 


Atmel's advanced nonvolatile CMOS technology, the device offers access times to 90 ns with 
power dissipation of just 275 mW over the commercial temperature range. When the device is 
deselected, the CMOS standby current is less than 100 ).lA. 


Pin Name 
Function 


AO-A15 
Addresses 


CE 
Chip Enable 


OE 
Output Enable 


WE 
Write Enable 


1/00-1/07 
Data InputslOutputs 


NC 
No Connect 


NC 
Vcc 


NC 
WE 
A1S 
NC 
A12 
A14 
A7 
A13 
Ai; 
AS 
AS 
A8 
A4 
A11 
A3 
De 
A2 
A10 
A1 
CE 
AO 
1107 
IlOO 
1106 
1101 
1105 
1102 
1104 


GNO 
1103 


A12 
NC 
Vcc 
NC 
A1S NC WE 


4 
3 
2 
1 323130 
A7 
S 
29 
Ai; 6 
28 
AS 
7 
27 
A4 
8 
26 
A3 
9 
25 
A2 
10 
24 
Al 
11 
23 
AD 
12 
22 
1100 
13 
21 
14151617181920 


IIO'S123456 
GND 


Note: PLCC package 
pin 30 


is a OON'T CONNECf. 


TSOP Top View 
Type 1 


A11 


AS 
A9 


A13 
A14:V~ 


A7A12 


A6 


A5 


A4 


o 
1 2 
32 
H 
~;~~ 


~~11 
22~~ 


1. 13 
20 19 


1615 
18 
17 


AlmEL 


OE 
Al0 
CE 


1107 V06 
1105 
1104 


1103 GND 
1102 
IlOO 1101 


Al 
AO 


A3 
A2 


• 
512K (64K X 8) 
5-Volt Only 
CMOS 
PEROM 


AlmlL 


Description 
(Continued) 


To 
allow 
for 
simple 
in-system 
reprogrammability, 
the 


AT29C5l2 
does not require high input voltages for program- 
ming. Five-volt-only 
commands 
determine the operation of the 


device. Reading data out of the device is similar to reading from 
an EPROM. Reprogramming 
the AT29C5 12 is performed on a 


sector basis; 128 bytes of data are loaded into the device· and 
then simultaneously 
programmed. 


OE 


WE 
CE 


ADDRESS 
[ 


INPUTS 


OE. CEANDWE 


LOGIC 


Device Operation 


READ: 
The AT29C5l2 
is accessed 
like an EPROM. When 


CE and OE are low and WE is high, the data stored at the mem- 
ory location determined 
by the address pins is asserted on the 


outputs. The outputs are put in the high impedance state when- 
ever CE or OE is high. This dual-line control gives designers 
flexibility in preventing bus contention. 


BYTE LOAD: 
Byte loads are used to enter the 128 bytes of a 


sector to be programmed 
or the software codes for data protec- 
tion. A byte load is performed 
by applying a low pulse on the 
WE or CE input with CE or WE low (respectively) 
and OE high. 


The address is latched on the falling edge of CE or WE, which- 
ever occurs last The data is latched by the fust rising edge of CE 
or WE. 


PROORAM: 
The device is reprogrammed 
on a sector basis. If 


a byte of data within a sector is to be changed, data for the entire 
sector must be loaded into the device. 
Any byte that is not 


loaded during the programming 
of its sector will be erased to 


read FFh. Once the bytes of a sector are loaded into the device, 
they are simultaneously 
programmed 
during the internal pro- 


gramming period. After the fust data byte has been loaded into 
the device, successive 
bytes are entered in the same manner. 


Each new byte to be programmed 
must have its high to low tran- 


sition on WE (or CE) within 150 ~ of the low to high transition 
of WE (or CE) of the preceding byte. If a high to low transition 
is not detected within 150 ~ 
of the last low to high transition, 
the load period will end and the internal programming 
period 


will start. A7 to Al5 specify the sector address. The sector ad- 
dress must be valid during each high to low transition of WE (or 
CE). AO to A6 specify the byte address within the sector. The 


Ouring a reprogram cycle, the address locations and 128 bytes 
of data are internally latched, freeing the address and data bus 
for other operations. Following the initiation of a program cycle, 
the device will automatically 
erase the sector and then program 


the latched data using an internal control timer. The end of a 
program cycle can be detected by OAT A polling of 1/07. Once 
the end of a program cycle has been detected, a new access for 
a read or program can begin. 


bytes may be loaded in any order; sequential loading is not re- 
quired. 


SOFTWARE 
OAT A PROTECTION: 
A software controlled 


data protection feature is available on the AT29C5l2. 
Once the 


software protection is enabled a software algorithm must be is- 
sued to the device before a program 
may be performed. 
The 


software protection 
feature may be enabled or disabled by the 


user; when shipped from Atrnel, the software data protection 
feature is disabled. To enable the software data protection, a se- 
ries of three program commands to specific addresses with spe- 
cific data must be performed. After the software data protection 
is enabled the same three program commands 
must begin each 
program cycle in order for the programs to occur. All software 
program commands must obey the sector program timing spec- 
ifications. Once set, the software data protection feature remains 
active unless its disable command 
is issued. Power transitions 


will not reset the software data protection feature, however the 
software feature wil1 guard against inadvertent program cycles 
during power transitions. 


Once set, software data protection will remain active unless the 
disable command sequence is issued. 


After setting SOP, any attempt to write to the device without the 
three-byte command sequence will start the internal write tim- 
ers. No data will be written to the device; however, for the dura- 
tion of twe, a read operation will effectively be a polling opera- 
tion. 


After the software data protection's 
three-byte command code is 


given, a byte load is performed by applying a low pulse on the 
WE or CE input with CE or WE low (respectively) 
and OE high. 


continued on next page 


Device Operation 
(Continued) 
The address is latched on the falling edge of CE or WE, which- 
ever occurs last The data is latched by the first rising edge of CE 
or WE. 


The 128 bytes of data must be loaded into each sector. Any byte 
that is not loaded during the programming 
of its sector will be 
erased to read FFh. Once the bytes of a sector are loaded into the 
device, they are simultaneously 
programmed 
during the internal 
programming 
period. After the first data byte has been loaded 
into the device, successive bytes are entered in the same man- 
ner. Each new byte to be programmed 
must have its high to low 
transition on WE (or CE) within 150 I.IS of the low to high tran- 
sition of WE (or CE) of the preceding 
byte. If a high to low 
transition is not detected within 150 I.IS of the last low to high 
transition, 
the load period will end and the internal program- 
mingperiod 
will start. A7 to AI5 specify the sector address. The 
sector address must be valid during each high to low transition 
of WE (or CE). AO to A6 specify the byte address within the 
sector. The bytes may be loaded in any order; sequential loading 
is not required. 


HARDWARE 
DATA 
PROTECTION: 
Hardware 
features 
protect against inadvertent 
programs 
to the AT29C5I2 
in the 
following ways: (a) Vcc sense- 
if Vcc is below 3.8 V (typi- 
cal), the program 
function 
is inhibited. 
(b) Vcc 
power 
on 
delay- 
once Vcc has reached the Vcc sense level. the device 
will automatically 
time out 5 ms (typical) before programming. 
(c) Program inhibit- 
holding anyone 
of OE low, CE high or 
WE high inhibits program cycles. (d) Noise f1lter- 
pulses of 
less than 15 ns (typical) on the WE or CE inputs will not initiate 
a program cycle. 


PRODUCT 
IDENTIFICATION: 
The product 
identification 
mode identifies the device and manufacturer as Atmel. It may be 


Absolute Maximum Ratings* 


Temperature 
Under Bias 
-55°C to +125°C 


Storage Temperature 
-65°C to +150oC 


All Input Voltages 
(including N.C. Pins) 
with Respect to Ground 
-0.6 V to +6.25 V 


All Output Voltages 
with Respect to Ground 
-0.6 V to Vcc +0.6 V 


Voltage on DE 
with Respect to Ground 
-0.6 V to +13.5 V 


accessed by hardware or software operation. The hardware op- 
eration mode can be used by an external programmer 
to identify 
the correct programming 
algorithm 
for the Atmel product. In 
addition. users may wish to use the software product identifica- 
tion mode to identify the part (i.e. using the device code). and 
have the system software use the appropriate sector size for pro- 
gram operations. 
In this manner. the user can have a common 
3 


board design for 256K to 4-megabit 
densities 
and. with each 
density's sector size in a memory map. have the system software 
apply the appropriate sector size. 


For details, see Operating 
Modes (for hardware 
operation) 
or 
Software Product Identification. 
The manufacturer 
and device 
code is the same for both modes. 


DATA POLLING: 
The AT29C5I2 
features DATA polling to 
indicate the end of a program cycle. During a program cycle an 
attempted read of the last byte loaded will result in the comple- 
ment of the loaded data on I/07. Once the program cycle has 
been completed, 
true data is valid on all outputs and the next 
cycle may begin. DATA polling may begin at any time during 
the program cycle. 


TOOGLE BIT: 
In addition to DATA polling the AT29C512 
provides another method for determining 
the end of a program 
or erase cycle. During a program or erase operation. successive 
attempts to read data from the device will result in I/06 toggling 
between one and zero. Once the program cycle has completed. 
1106 will stop toggling and valid data will be read. Examining 
the toggle bit may begin at any time during a program cycle. 


OPTIONAL 
CHIP ERASE MODES: 
The entire device may 
be erased by either using a six-byte software code or high volt- 
age. For details. please contact Atmel. 


*NOTlCE: Stresses beyond those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Typ 
Max 
Units 
Conditions 


CIN 
I 
4 
6 
pF 
VIN = 0 V 


COUT 
I 
8 
12 
pF 
VOUT= 
0 V 


AlmEL 


AT29C512-90 
AT29C512-12 
AT29C512-15 
AT29C512-20 


Com. 
OOC-70°C 
OOC-70°C 
OOC-70°C 
OOC-70°C 
Operating 
Ind. 
-40°C - 8SOC 
-40°C - 85°C 
-40°C - 85°C 
-40°C - 85°C 
Temperature 
(Case) 


Mil. 
-55°C - 125°C 
-55°C - 125°C 
-55°C - 125°C 


Vee Power Supply 
5 V± 10% 
5 V± 10% 
5 V± 10% 
5 V± 10% 


Mode 
CE 
OE 
WE 
AI 
1/0 


Read 
VIL 
VIL 
VIH 
Ai 
Dour 
Program(2) 
VIL 
VIH 
VIL 
Ai 
DIN 


5V Chip Erase 
VIL 
VIH 
VIL 
Ai 


StandbylWrite 
Inhibit 
VIH 
X(1) 
X 
X 
HighZ 


Program Inhibit 
X 
X 
VIH 


PrOQram Inhibit 
X 
VIL 
X 


Outout Disable 
X 
VIH 
X 
HighZ 


A1-A15 = VIL,A9 = VH,(~) 
Manufacturer 
Code(4) 
AO=VI 
Product Identification 
VIL 
VIL 
VIH 
A1-A15 = VIL,A9 = VH,t~1 
AO= VIH 
Device Code(4) 


Notes: 
I. X can be Va. or Vm. 
2. Refer to A.C. Programming Waveforms. 


3. VH=I2.0V±O.5V 
4. Manufacturer Code: IF, Device Code: 50 


Symbol 
Parameter 
Condition 
Mln 
Max 
Units 


III 
Input Load Current 
VIN = 0 Vto Vee 
10 
l!A 


ILO 
OUtput Leakage Current 
VI/O= 0 Vto Vee 
10 
l!A 


1581 
Vee Standby Current CMOS 
CE = Vee- 
0.3 Vto Vee 
Com. 
100 
l!A 


Ind., Mil. 
300 
l!A 


1582 
Vee Standby Current TIL 
CE = 2.0 V to Vee 
3 
mA 


Ice 
Vee Active Current 
f = 5 MHz; lOUT= 0 mA 
50 
mA 


VIL 
Inout Low Voltage 
0.8 
V 


VIH 
Input High Voltage 
2.0 
V 


VOL 
OUtput Low Voltage 
IOL= 2.1 mA 
.45 
V 


VOH1 
OUtput High Voltage 
IOH= -400 l!A 
2.4 
V 


VOH2 
OUtput High Voltage CMOS 
IOH= -100 l!A; Vee = 4.5 V 
4.2 
V 


AT29C512-90 
AT29C512-12 
AT29C512·15 
AT29C512·20 


Symbol 
Parameter 
Min 
Max 
Min 
Max 
Min 
Max 
Min 
Max 
Units 


fAcc 
Address 
to Output 
Delay 
90 
120 
150 
200 
ns 


tCE (1) 
CE to Output 
Delay 
90 
120 
150 
200 
ns 


tOE (2) 
OE to Output 
Delay 
0 
40 
0 
50 
0 
70 
0 
80 
ns 


tDF (3.4) 
CE or OE to Output 
Float 
0 
40 
0 
40 
0 
50 
0 
55 
ns 


Output 
Hold from OE, CE 


tOH 
or Address, 
whichever 
0 
0 
0 
0 
ns 
occurred 
first 


OUTPUT 
VALID 


Notes: 
I. CE may be delayed up to tACC- teE after the address transition 
without impact on tACC. 


2. OE may be delayed up to teE - toE after the falling edge 
of CE without impact on teE or by tACC- toE after an address 
change without impact on tACC. 


3. tDFis specified from OE or CE whichever occurs fIrst 
(CL= 
5 pF). 


4. This parameter is characterized and is not 100% tested. 


Input Test Waveforms 
and 


Measurement 
Level 
Output Test Load 


5.0V 
1.etl 
OUTPUT 
PIN 


1.3K 
~ 
100pF 
< 


3.0V 
AC 
DRIVING 
LEVELS 
O.OV 


AC 
MEASUREMENT 
LEVEL 


• 


Symbol 
Parameter 
Mln 
Max 
Units 


tAs, tOES 
Address, OE Set-up Time 
0 
ns 


tAH 
Address Hold Time 
50 
ns 


tcs 
Chip Select Set-up Time 
0 
ns 


tCH 
Chip Select Hold Time 
0 
ns 


twP 
Write Pulse Width (WE or CE) 
90 
ns 


tos 
Data Set-up Time 
50 
ns 


tOH,tOEH 
Data, OE Hold Time 
0 
ns 


twc 
Write Cycle Time 
10 
ms 


A.C. Byte Load Waveforms- 
WE Controlled 


OE 


tWp. 


DATA _IN 
~<E::::tD::::S::::::::::::::::::::::::::::tD::::H::::3>------ 


A.C. Byte Load Waveforms- 
CE Controlled 


OE 


tWp. 


DATA 
_IN 
<E:::: 


tD 


:::: 
s 
:::::::::::::::::::::::::::: 


tD 


:::: 


H 


::::3----- 


Symbol 
Parameter 
Mln 
Max 
Units 


twc 
Write Cycle Time 
10 
ms 


!As 
Address Set-up Time 
0 
ns 


!AH 
Address Hold Time 
50 
ns 


tos 
Data Set-up Time 
50 
ns 


tOH 
Data Hold Time 
0 
ns 


twp 
Write Pulse Width 
90 
ns 


tSlC 
Byte Load Cycle Time 
150 
~ 


twPH 
Write Pulse Width High 
100 
ns • 


Program Cycle Waveforms 
~---------------."7//,..1------------/'7/ ~ 
OE 
__ 
/ 


__ 
x 
:~ 


----------7/ 
~ 


----------7/~ 


~~~ 


BYTE126 
BYTE127I-- twc---l 


Notes: 
A7 through Al5 must specify the sector address during each high to 
low transition of WE (or CE). 
OE must be high when WE and CE are both low. 
All bytes that are not loaded wIthin the sector being programmed 
will be erased to FF. 


A11DIL 


Software Data 
1 
Protection Enable Algorithm ( ) 


Software Data 
1 


Protection Disable Algorithm ( ) 


LOAD DATAAO 
TO 
ADDRESS 5555 


LOAD DATA 55 


TO 
ADDRESS 2AAA 


LOADDATAAA 
TO 
ADDRESS 5555 


LOAD DATA 
TO 
(4) 
ENTER DATA 


SECTOR (128 BYTES) 
PROTECT STATE 


Notes for software program code: 
1. Data Format: 1/07 - 1/00 (Hex); 
Address Format: A14 - AO(Hex). 


2. Data Protect state will be activated at end of program cycle. 
3. Data Protect state will be deactivated at end of program period. 
4. 128 bytes of data MUST BE loaded. 


x 
:~ 


/~ 
/~ 
:: 
~ 


BYTE 0 
BYTE126 
BYTE127I-tW~ 


Notes: 
A7 through A15 must specify the sector address during each high to low 
transition of WE (or CE) after the software code has been entered. 
OE must be high when WE and CE are both low. 
All bytes that are not loaded within the sector being programmed 
wlll be erased to FF. 


Symbol 
Parameter 
Mln 
Typ 
Max 
Unhs 


tOH 
Data Hold Time 
10 
ns 


tOEH 
OE Hold Time 
10 
ns 


tOE 
OE to Output Delay 
100 
ns 


twR 
Write Recovery Time 
0 
ns • 


Data Polling Waveforms 


WE 


Symbol 
Parameter 
Mln 
Typ 
Max 
Unhs 


tOH 
Data Hold Time 
10 
ns 


tOEH 
OE Hold Time 
10 
ns 


tOE 
OE to Output Delay 
100 
ns 


tOEHP 
OE High Pulse 
150 
ns 


twR 
Write Recovery Time 
0 
ns 


Toggle Bit Waveforms 


WE 


Notes: 
1. Toggling either OE or CE or both OE and CE will operate toggle bit. 
2. Beginning and ending state of IJ06 will vary. 
3. Any address location may be used but the address should not vary. 
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Software Product 
Identification 
Entry (I) 


LOAD DATA 90 
TO 
ADDRESS 
5555 


ENTER PRODUCT 
IDENTIFICATION 
MODE 
(2,3) 


Noles for software product identification: 
I. Data Format: 1/07 - I/OO(Hex); 
Address Format: AI4 - AD (Hex). 
2. 
Al 
- A15 = VIL- 


Manufacture Code is read for AD = Vn.; 
Device Code is read for AD = Vrn. 
3. The device does nol remain in identification mode if 


powered down. 


4. The device returns to standard operation mode. 


Software Product 
Identification 
Exit (1) 


LOAD DATA FO 
TO 
ADDRESS 
5555 


EXIT PRODUCT 
IDENTIFICATION 
MODE (4) 


NORMALIZED 
SUPPLY 
CURRENT 
vs. 


TEMPERATURE 


N 
o 
1.3 
r 
m 
• 
1.2 
I 
I 
1.1 
I 
•d 
1.0 


~ 
0.9 


C 
0.8 
- 5 
35 
65 


Temperature 
(e) 


NORMALIZED 
SUPPLY 
CURRENT 
vs. 


ADDRESS 
FREQUENCY 


N 
o 
r 
m 
1.0 
•I 
I 
0.9 
I• 
d 


I 
C 
C 
0.7 
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NORMALIZED 
SUPPLY 
CURRENT 
vs. 


SUPPLY 
VOLTAGE 


N•r 
m 
1.2 
•I 
I 
1.0 
I•d 


I 
C 
C 
0.6 
4. 0 
4. 5 
5. 0 
5. 5 


Supply 
Voltage 
(V) • 
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IAcc 
Icc(mA) 
Ordering Code 
Package 
Operation 
Range 
(ns) 
Active 
Standby 


90 
50 
0.1 
AT29C512-900C 
3206 
Commercial 


AT29C512-90JC 
32J 
(00 to 70°C) 


AT29C512-90PC 
32P6 


90 
50 
0.3 
AT29C512-9001 
3206 
Industrial 


AT29C512-90JI 
32J 
(-40° to 85°C) 


AT29C512-90PI 
32P6 


120 
50 
0.1 
AT29C512-120C 
3206 
Commercial 


AT29C512-12JC 
32J 
(0° to 70°C) 


AT29C512-12PC 
32P6 


120 
50 
0.3 
AT29C512-1201 
3206 
Industrial 


AT29C512-12JI 
32J 
(-40° to 85°C) 


AT29C512-12PI 
32P6 


AT29C512-120M 
3206 
Military 


(-55°C to 125°C) 


AT29C512-120M/883 
3206 
Military/883C 


Class S, Fully Compliant 


(-55°C to 125°C) 


150 
50 
0.1 
AT29C512-150C 
3206 
Commercial 


AT29C512-15JC 
32J 
(0° to 70°C) 


AT29C512-15PC 
32P6 


150 
50 
0.3 
AT29C512-1501 
3206 
Industrial 


AT29C512-15JI 
32J 
(-40° to 85°C) 


AT29C512-15PI 
32P6 


AT29C512-150M 
3206 
Military 


(-55°C to 125°C) 


AT29C512-150M/883 
3206 
Military/883C 


Class S, Fully Compliant 


(-55°C to 125°C) 


200 
50 
0.1 
AT29C512-200C 
3206 
Commercial 


AT29C512-20JC 
32J 
(0° to 70°C) 


AT29C512-20PC 
32P6 


200 
50 
0.3 
AT29C512-2001 
3206 
Industrial 


AT29C512-20JI 
32J 
(-40° to 85°C) 


AT29C512-20PI 
32P6 


AT29C512-200M 
3206 
Military 


(-55°C to 125°C) 


AT29C512-200M/883 
3206 
Military/883C 


Class S, Fully Compliant 


(-55°C to 125°C) 


IAcc 
Icc(mA) 
Ordering Code 
Package 
Operation 
Range 
(n5) 
Active 
Standby 


120 
50 
0.1 
AT29C512-12TC 
32T 
Commercial 
(0° to 70°C) 


150 
50 
0.1 
AT29C512-15TC 
32T 
Commercial 
(0° to 70°C) 


Package 
Type 


3206 
32 Lead, 0.600· Wide, Non-Windowed, Ceramic Duallnline 
Package (Cerdip) 


32J 
32 Lead, Plastic J-Leaded Chip Carrier (PLCC) 


32P6 
32 Lead, 0.600· Wide, Plastic Dual Inline Package (PDIP) 


32T 
32 Lead, Thin Small Outline Package (TSOP) 


• 
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Features 


• 
Single 3.3 V ± 100""Supply 
• 
Three-Volt-Only Read and Write Operation 
• 
Software Protected Programming 
• 
Low Power Dissipation 
15 mA Active Current 
20 J.1.ACMOS Standby Current 
• 
Fast Read Access Time - 200 ns 
• 
Sector Program Operation 
Single Cycle Reprogram (Erase and Program) 
512 Sectors (128 bytes/sector) 
Internal Address and Data Latches for 128 Bytes 
• 
Fast Sector Program Cycle Time· 20 ms Max. 
• 
Internal Program Control and Timer 
• 
DATA Polling for End of Program Detection 
• 
High Reliability CMOS Technology 
1000 Program Cycles per Sector 
1o-Year Data Retention 
• 
CMOS and TTL Compatible Inputs and Outputs 
• 
Commercial and Industrial Temperature Ranges 


Description 


The AT29LV512 
is a three-volt-only 
in-system Programmable 
Erasable Read Only Memory 
(pEROM). 
Its 512K of memory is organized as 65,536 words by 8 bits. Manufactured 
with 
Atmel's 
advanced 
nonvolatile 
CMOS technology, 
the device offers access times to 200 ns 
with power dissipation of just 54 mW over the commercial 
temperature range. When the de- 
vice is deselected, 
the CMOS standby current is less than 20 lJA. 


Pin Name 
Function 


AO-A15 
Addresses 


CE 
Chip Enable 


DE 
Output Enable 


WE 
Write Enable 


1/00-1/07 
Data Inpuls/Outpuls 


NC 
No Connect 


A12 
NC 
Vcc NC 
A15 NC m 


4 3 2 1 323130 
A7 
5 
~ 
M4 
M 
6 
28 
A13 
AS 
7 
27 
M 
M8 
26A9 
~ 
9 
~ 
~1 
A2 
10 
24 
DE 
A1 
11 
23 
Al0 
AO 
12 
22 
CE 
1/00 
13 
21 
1107 
14151617181920 


IJO'S123456 
GND 


TSOP Top View 
Type 1 


0'2 
3231 
3 
30 
4 
5 
29 


6 
2827 
7 
26 
8 
9 
25 
24 
10 
23 
12 11 
22 21 
14'3 
20 19 


16 15 
18 17 


A9 
A8 
A13 
~1'oC:v~ 


A15 A12 
A7 
A6 
AS 
A4 


Note: PLCC package 
pin 30 


is a OON'T 
CONNECf. 


AlmE!L 


OE 
Al0 CE 


VOl 
1106 
1105 
1104 
1103 GND 
1102 
1101 
1100 
A1 
AD 


A3 
A2 


• 
512K (64K X 8) 
3-Volt Only 
CMOS 
PEROM 
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Description (Continued) 
To 
allow 
for 
simple 
in-system 
reprogrammability, 
the 
AT29LV512 
does not require high input voltages for program- 
ming. Three-volHlRly 
commands 
determine 
the operation 
of 
the device. Reading data out of the device is similar to reading 
from an EPROM. 
Reprogramming 
the AT29LV512 
is per- 
formed on a sector basis; 128 bytes of data are loaded into the 
device and then simultaneously 
programmed. 


During a reprogram 
cycle, the address locations and 128 bytes 
of data are captured 
at microprocessor 
speed and internally 


OE 


WE 


CE 


ADDRESS 
[ 
INPUTS 


OE, CEANDWE 
LOGIC 


Device Operation 


READ: 
The AT29LV512 
is accessed like an EPROM. When 
CE and OE are low and WE is high, the data stored at the mem- 
ory location determined 
by the address pins is asserted on the 
outputs. The outputs are put in the high impedance state when- 
ever CE or OE is high. This dual-line control gives designers 
flexibility in preventing bus contention. 


SOFIW ARE DATA PROTECTION 
PROORAMMlNG: 
The 
AT29LV512 
has 512 individual sectors, each 128 bytes. Using 
the software data protection feature, byte loads are used to enter 
the 128 bytes of a sector to be programmed. 
The AT29LV512 
can only be programmed 
or reprogrammed 
using the software 
data protection 
feature. The device is programmed 
on a sector 
basis. If a byte of data within the sector is to be changed, data for 
the entire 128-byte sector must be loaded into the device. The 
AT29L V512 automatically 
does a sector erase prior to loading 
the data into the sector. An erase command is not required. 


Software data protection 
protects 
the device from inadvertent 
programming. 
A series of three program commands to specific 
addresses with specific data must be presented to the device be- 
fore programming 
may occur. After writing the three-byte com- 
mand sequence (and after twe), the entire device is protected. 
The same three program commands 
must begin each program 
operation. All software program commands must obey the sec- 
tor program 
timing specifications. 
Power transitions 
will not 


latched, freeing the address and data bus for other operations. 
Following the initiation of a program cycle, the device will au- 
tomatically 
erase the sector and then program the latched data 
using an internal control timer. The end of a program cycle can 
be detected by DATA polling of 1/07. Once the end of a pro- 
gram cycle has been detected, a new access for a read or pro- 
gram can begin. 


reset the software data protection feature, however the software 
feature will guard against inadvertent 
program 
cycles during 
power transitions. 


Once set, software data protection will remain active unless the 
disable command sequence is issued. 


After setting SOP, any attempt to write to the device without the 
three-byte command sequence will start the internal write tim- 
ers. No data will be written to the device; however, for the dura- 
tion of twe, a read operation will effectively be a polling opera- 
tion. 


After the software data protection's 
three-byte command code is 


given, a byte load is performed 
by applying a low pulse on the 
WE orCE input with CE or WE low (respectively) 
and OE high. 
The address is latched on the falling edge of CE or WE, which- 
ever occurs last The data is latched by the frrst rising edge of CE 
or WE. 


The 128 bytes of data must be loaded into each sector. Any byte 
that is not loaded during the programming 
of its sector will be 
erased to read FFh. Once the bytes of a sector are loaded into the 
device, they are simultaneously 
programmed 
during the internal 
programming 
period. After the first data byte has been loaded 
into the device, successive bytes are entered in the same man- 
ner. Each new byte to be programmed 
must have its high to low 


continued on next page 


Device Operation 
(Continued) 


transition on WE (or CE) within 150 ~ of the low to high tran- 
sition of WE (or CE) of the preceding 
byte. If a high to low 


transition is not detected within 150 ~ 
of the last low to high 


transition, 
the load period will end and the internal program- 


mingperiod 
will start. A7 to A15 specify the sector address. The 


sector address must be valid during each high to low transition 
of WE (or CE). AO to A6 specify the byte address within the 
sector. The bytes may be loaded in any order; sequential loading 
is not required. 


HARDWARE 
DATA 
PROTECTION: 
Hardware 
features 


protect against inadvertent 
programs to the AT29L V512 in the 


following ways: (a) Vcc sense- 
if Vcc is below 1.8 V (typi- 


cal), the program 
function 
is inhibited. 
(b) Vcc 
power 
on 


delay- 
once Vcc has reached the Vcc sense level, the device 


will automatically 
time out 10 ms (typical) 
before program- 


ming. (c) Program 
inhibit- 
holding anyone 
of OE low, CE 


high or WE high inhibits program 
cycles. (d) Noise filter- 


pulses of less than 15 ns (typical) on the WE or CE inputs will 
not initiate a program cycle. 


INPUT LEVELS: 
While operating with a 3.3 V ±1O% power 


supply, the address inputs and control inputs (OE, CE and WE) 
may be driven from 0 to 5.5 V without adversely affecting the 
operation of the device. The I/O lines can only be driven from 0 
to 3.6 volts. 


PRODUcr 
IDENTIFICATION: 
The product 
identification 


mode identifies the device and manufacturer as Atmel. It may be 
accessed by hardware or software operation. The hardware op- 
eration mode can be used by an external programmer to identify 


Absolute Maximum Ratings* 


Temperature 
Under Bias 
-55°C to +125°C 


Storage Temperature 
-65°C to +150oC 


All Input Voltages 
(including N.C. Pins) 
with Respect to Ground 
-0.6 V to +6.25 V 


All Output Voltages 
with Respect to Ground 
-0.6 V to Vcc +0.6 V 


Voltage on A9 
(including N.C. Pins) 
with Respect to Ground 
-0.6 V to +13.5 V 


the correct programming 
algorithm 
for the Atmel product. In 
addition, users may wish to use the software product identifica- 
tion mode to identify the part (i.e. using the device code), and 
have the system software use the appropriate sector size for pro- 
gram operations. In this manner, the user can have a common 
board design for 256K to 4-megabit 
densities 
and, with each 
density's sector size in a memory map, have the system software 
• 
apply the appropriate sector size. 


For details, see Operating 
Modes (for hardware 
operation) or 
Software Product Identification. 
The manufacturer 
and device 


code is the same for both modes. 


DATA 
POLLING: 
The AT29LV512features 
DATA polling 
to indicate the end of a program cycle. During a program cycle 
an attempted read of the last byte loaded will result in the com- 
plement of the loaded data on I/07. Once the program cycle has 
been completed, 
true data is valid on all outputs and the next 


cycle may begin. DATA polling may begin at any time during 
the program cycle. 


TOGGLE BIT: 
In addition to DATA polling the AT29LV512 


provides another method for determining 
the end of a program 


or erase cycle. During a program or erase operation, successive 
attempts to read data from the device will result in 1/06 toggling 
between one and zero. Once the program cycle has completed, 
1/06 will stop toggling and valid data will be read. Examining 
the toggle bit may begin at any time during a program cycle. 


OPTIONAL 
CHIP ERASE MODES: 
The entire device may 


be erased by either using a six-byte software code or high volt- 
age. For details, please contact Atmel. 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 


mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Typ 
Max 
Units 
Conditions 


CIN 
I 
4 
6 
pF 
VIN = 0 V 


COUT 
I 
8 
12 
pF 
VOUT=O V 


AlmEL 


AlmEL 


AT29lV512·20 
AT29l V512·25 


Operating 
Com. 
OoC-70°C 
" 
OoC-70°C 


Temperature 
(Case) 
Ind. 
-40°C - 85°C 
-40°C - aSOc 


Vee Power Supply 
3.3 V±0.3 
V 
3.3 V±0.3 
V 


Mode 
CE 
OE 
WE 
AI 
1/0 


Read 
VIL 
VIL 
VIH 
Ai 
DOUT 
Program(2) 
VIL 
VIH 
VIL 
Ai 
DIN 


StandbylWrite 
Inhibit 
VIH 
X(1) 
X 
X 
HighZ 


Program Inhibit 
X 
X 
VIH 


Program Inhibit 
X 
VIL 
X 


Output Disable 
X 
VIH 
X 
HighZ 


Al-A15 
= VIL,A9 = VH (3', 
Manufacturer 
Code(4) 
AD = VIL 
Product Identification 
VIL 
VIL 
VIH 
Al-A15 
= VIL,A9 = VH(~', 
Device Code(4) 
AD = VIH 
NOles: 
1. X can be VIT.or Vrn. 
2. Refer to A.C. Progranuning Waveforms. 


3. VH= 120 V±0.5 
V. 
4. Manufacturer Code: 1F, Device Code: 3D. 


Symbol 
Parameter 
Condition 
Mln 
Max 
Units 


III 
Input load 
Current 
VIN = 0 V to Vee 
1 
J.1A 


ILO 
Output Leakage Current 
VI/O= 0 Vto Vee 
1 
J.1A 
- 
Com. 
20 
J.1A 
ISB1 
Vee Standby Current CMOS 
CE = Vee - 0.3 V to Vee 
Ind. 
50 
J.1A 


ISB2 
Vee Standby Current TIL 
CE = 2.0 V to Vee 
1 
mA 


Ice 
Vee Active Current 
f = 5 MHz; lOUT= 0 mA; Vee = 3.6 V 
15 
mA 


VIL 
Input Low Voltage 
0.6 
V 


VIH 
Input High Voltage 
2.0 
V 


VOL 
Output Low Voltage 
IOL= 1.6 mA; Vee = 3.0 V 
.45 
V 


VOH 
Output High Voltage 
IOH= -100 J.1A;Vee = 3.0 V 
2.4 
V 


AT29L V512·20 
AT29LV512·25 


Symbol 
Parameter 
Min 
Max 
Min 
Max 
Units 


IAcc 
Address 
to Output 
Delay 
200 
250 
ns 


tCE (1) 
CE to Output 
Delay 
200 
250 
ns 


tOE (2) 
OE to Output 
Delay 
0 
100 
0 
120 
ns 


tDF (3,4) 
CE or OE to Output 
Float 
0 
55 
0 
80 
ns 


tOH 
Output 
Hold from OE, CE or Address, 
0 
0 
ns 
whichever 
occurred 
first 
• 


OUTPUT 
VALID 


Notes: 
1. CE may be delayed 
up to tACC - teE after the address 
transition 
without 
impact 
on tACC. 


2. DE may be delayed 
up to teE - toE after the falling 
edge 
of CE without 
impact 
on teE or by tACC- toE after an address 
change 
without 
impact 
on tACC. 


3. 
tDF is specified 
from DE or CE whichever 
occurs 
first 
(CL= 
5 pF). 
4. 
This parameter 
is characterized 
and is not 100% tested. 


< 


2.4V 
AC 
DRIVING 
LEVELS 
O.4V 
lR,tF<5 
ns 


AC 
MEASUREMENT 
LEVEL 


Output Test Load 


3.3V 


1. 


811 
OUTPUT 
PIN 


1.3K 
:!: 100pF 


Input Test Waveforms and 
Measurement Level 


AlmEL 


A1IDEL 


Symbol 
Parameter 
. 
Mln 
Max 
Units 


twc 
Write Cycle Time 
'.' 
20 
ms 


Address Set-up Time 
- 
10 
tAs 
ns 


tAH 
Address Hold Time 
100 
ns 


tos 
Data Set-up Time 
100 
ns 


tOH 
Data Hold Time 
10 
. 
ns 


twp 
Write Pulse Width 
200 
ns 


tSLC 
Byte Load Cycle Time 
150 
lIS 


twPH 
Write Pulse Width High 
200 
ns 


__ ~/-------------~7//~/----------7/ 
/-- 


x__ ---?:~ 


(2) 
A7-A15 
//-- 
//-- 


~ 
BYTE126 
BYTE127I--tW~ 


Notes: 
1. OE must be high when WE and CE are both low. 
2. A7 through A15 must specify the sector address during each 


high to low transition of WE (or CE) after the software code 
has been entered. 


3. All bytes that are not loaded within the sector being pro- 


grammed 
will be erased to FF. 


Notes for software program code: 
1. Data Format: 1/07-1/00 (Hex); 
Address Format: A14-AO (Hex). 
2. Data Protect state will be re-activated at end of program cycle. 
3. 128 bytes of data MUST BE loaded. 


Symbol 
Parameter 
Mln 
Max 
Units 


IAs. tOES 
Address, DE Set-up Time 
10 
ns 


IAH 
Address Hold Time 
100 
ns 


tcs 
Chip Select Set-up Time 
0 
. 


ns 


tCH 
Chip Select Hold Time 
0 
ns 


twp 
Write Pulse Width (WE or CE) 
200 
., 


ns 


tos 
Data Set-up Time 
100 
ns 


tOH,tOEH 
Data. DE Hold Time 
10 
ns 


twc 
Write Cycle Time 
20 
ms • 


A.C. Byte Load Waveforms 
During Software Protection 
(1,2) 


WE Controlled 


DE 


tWp. 


DATA 
_1_N 
f=tD=s=======tD=H=3~ 
_ 


CE Controlled 


DE 


tWp. 


DATA 
_IN 
f=tD=S=======t=D=H 
3~---- 


Notes: 
1. The software 
data protection 
commands 
must be applied 
prior 
to byte loads. 


2. 
A complete 
sector 
(128 bytes) 
should 
be loaded 
using 
these 


waveforms 
as shown 
in the Software 
Protected 
Byte Load 


waveforms 
(see previous 
page). 


AlmEL 


SymbOl 
Parameter 
Mln 
Typ 
Max 
Units 


tOH 
Data Hold Time 
10 
ns 


tOEH 
OE Hold Time 
10 
ns 


tOE 
OE to Output Delay 
120 
ns 


twR 
Write Recovery Time 
0 
ns 


Data Polling Waveforms 


WE 


SymbOl 
Parameter 
Mln 
Typ 
Max 
Units 


tOH 
Data Hold Time 
10 
ns 


tOEH 
OEHoldTime 
10 
ns 


tOE 
OE to Output Delay 
120 
ns 


tOEHP 
OE High Pulse 
150 
ns 


twR 
Write Recovery Time 
0 
ns 


Toggle Bit Waveforms 
(1.3) 


WE 


Notes: 
1.Toggling either OE or CE or both OE and CE will operate 


toggle bit. 


2. Beginning and ending state of 1/06 will vary. 
3. Any address location may be used but the address should not vary. 


Software Product 
Identification 
Entry 
(I) 


ENTER PRODUCT 
IDENTIFICATION 
MODE (2,3) 


Notes for software product identification: 
1. Data Format: 1/07 - 1/00 (Hex); 
Address Format: A14 - AO(Hex). 


2. Al-A15=Vn 
.. 


Manufacture Code is read for AO= Vn.; 
Device Code is read for AO= VIH. 


3. The device does not remain in identification mode if 
powered down. 


4. The device returns to standard operation mode. 


Software Product 
Identification 
Exit (I) 


EXIT PRODUCT 
IDENTIFICATION 
MODE (4) • 


IAcc 
Icc(mA) 


Ordering Code 
Package 
Operation Range 
(ns) 
Active 
Standby 


200 
15 
0.02 
AT29LV512-200C 
3206 
Commercial 


AT29LV512-20JC 
32J 
(0° to 70°C) 


AT29L V512-20PC 
32P6 


15 
0.05 
AT29LV512-2001 
3206 
Industrial 


AT29LV512-20JI 
32J 
(-40° to 85°C) 


AT29LV512-20PI 
32P6 


250 
15 
0.02 
AT29LV512-250C 
3206 
Commercial 


AT29LV512-25JC 
32J 
(0° to 70°C) 


AT29LV512-25PC 
32P6 


15 
0.05 
AT29LV512-2501 
3206 
Industrial 


AT29LV512-25JI 
32J 
(-40° to 85°C) 


AT29LV512-25PI 
32P6 


IAcc 
Icc(mA) 


Ordering Code 
Package 
Operation 
Range 
(ns) 
Active 
Standby 


200 
15 
0.02 
AT29LV512-20TC 
32T 
Commercial 
(0° to 70°C) 


250 
15 
0.02 
AT29LV512-25TC 
32T 
Commercial 
(0° to 70°C) 


Package Type 


3206 
32 Lead, 0.600· Wide, Non-Windowed, Ceramic Ouallnline Package (Cerdip) 


32J 
32 Lead, Plastic J-Leaded Chip Carrier (PLCC) 


32P6 
32 Lead, 0.600· Wide. Plastic Oual Inline Package (PDIP) 


32T 
32 Lead, Thin Small Outline Package (TSOP) 


Features 


• 
Fast Read Access Time - 90 ns 
• 
Five-Volt-Only 
Reprogramming 
• 
Sector Program Operation 
Single Cycle Reprogram 
(Erase and Program) 
1024 sectors (128 bytes/sector) 
Internal Address and Data Latches for 128 Bytes 
• 
Fast sector Program Cycle Time - 10 ms 
• 
Internal Program Control and Timer 
• 
Low Power Dissipation 
50 mA Active Current 
100 lJ.ACMOS Standby Current 
• 
Hardware and Software Data Protection 
• 
DATA Polling for End of Program Detection 
• 
High Reliability CMOS Technology 
1000 Program Cycles per Sector 
1o-Year Data Retention 
• 
Single 5 V ±10"A. Supply 
• 
CMOS and TTL Compatible 
Inputs and Outputs 
• 
Full Military, Commercial, 
and Industrial Temperature 
Ranges 


Description 


The AT29COIO is a five-volt-only 
in-system Programmable 
and Erasable Read Only Memory 
(pEROM). 
Its I megabit of memory is organized as 131,072 words by 8 bits. Manufactured 
with Atmel' s advanced nonvolatile CMOS technology. the device offers access times to 90 ns 
with power dissipation 
of just 275 mW over the commercial 
temperature 
range. When the 
device is deselected, the CMOS standby current is less than 100 lJA. 


Pin Name 
Function 


AO-A16 
Addresses 


CE 
Chip Enable 


OE 
Output Enable 


WE 
Write Enable 


I/OO-VOl 
Data InputsiOutputs 


NC 
No Connect 


NC 
1 
A16 
2 
A15 
3 
A12 
4 
A7 
5 
AS 
6 
AS 
7 
A4 
8 
A3 
9 
A2 
10 
A1 
11 
AD 
12 
IlOO 
13 
1101 
14 
1102 
15 
GND 
16 


32 
Vcc 
31 
WE 
30 
NC 
29 
A14 
28 
A13 
27 
A8 
26 
MJ 
25 
All 
24 
Oe 
23 
A10 
22 
CE 
21 
1107 
20 
1106 
19 
1105 
18 
1104 
17 
1103 


TSOP Top View 
Type 1 
A12 A16 Ycc NC 
A15 NC 'ii'E" 


4 3 2 1 323130 
A7 
5 
29 
A14 
AS 
6 
28 
A13 
AS7 
27A8 
M8 
26MJ 
A3 
9 
~ 
M1 
A2 
10 
24 
OE 
Al 
11 
23 
Al0 
AD 
12 
22 
CE 
IlOO 
13 
21 
1107 
14151617181920 


110"'23456 
GND 


Note: PLCC package 
pin 30 
is a DON'T 
CONNECT. 


0'2 
3231 
3 
30 
4 
5 
2829 
• 
27 


8 ~ 
2625 
10 
2423 
11 
22 
'2 
21 
1413 
20 
19 


1615 
18 17 


A9 
A8 
A13 
A'4 
-NC 
WEycc 


NC A16 
A'5 A12 
A7 
A6 


AS 
A4 


AlmlL 


Oe 
Al0 
CE 
1107110. 
1105 
1104 
1103 GNO 
11021101 
IlOO 
Al 
AD 


A3 
A2 


1 Megabit 
(128K x 8) 
5-Volt Only 
CMOS 
PEROM • 


AlmEL 


Description 
(Continued) 
To 
allow 
for 
simple 
in-system 
reprogrammability, 
the 


A1'19COIO does not require high input voltages for program- 
ming. Five-volt-only 
commands determine the operation of the 


device. Reading data out of the device is similar to reading from 
an EPROM. Reprogramming 
the A1'19COIO is performed on a 


sector basis; 128 bytes of data are loaded into the device and 
then simultaneously 
programmed. 


OE 


WE 


CE 


ADDRESS 
[ 
INPUTS 


OE,CEANDWE 
LOGIC 


Device Operation 


READ: 
The A1'19COIO is accessed like an EPROM. When 


CE and OE are low and WE is high. the data stored at the mem- 
ory location determined 
by the address pins is asserted on the 


outputs. The outputs are put in the high impedance state when- 
ever CE or OE is high. This dual-line control gives designers 
flexibility in preventing bus contention. 


BYTE LOAD: 
Byte loads are used to enter the 128 bytes of a 


sector to be programmed 
or the software codes for data protec- 


tion. A byte load is performed 
by applying a low pulse on the 


WE or CE input with CE or WE low (respectively) 
and OE high. 


The address is latched on the falling edge of CE or WE. which- 
ever occurs last The data is latched by the first rising edge of CE 
or WE. 


PROGRAM: 
The device is reprogrammed 
on a sector basis. If 


a byte of data within a sector is to be changed. data for the entire 
sector must be loaded into the device. 
Any byte that is not 
loaded during the programming 
of its sector will be erased to 


read FFh. Once the bytes of a sector are loaded into the device, 
they are simultaneously 
programmed 
during the internal pro- 
gramming period. After the first data byte has been loaded into 
the device. successive 
bytes are entered in the same manner. 


Each new byte to be programmed 
must have its high to low tran- 


sition on WE (or CE) within 1SO~ of the low to high transition 
of WE (or CE) of the preceding byte. If a high to low transition 
is not detected within ISO ~ 
of the last low to high transition, 
the load period will end and the internal programming 
period 


will start. A7 to A 16 specify the sector address. The sector ad- 
dress must be valid during each high to low transition of WE (or 
CE). AO to A6 specify the byte address within the sector. The 
bytes may be loaded in any order; sequential loading is not re- 
quired. 


During a reprogram cycle. the address locations and 128 bytes 
of data are internally latched. freeing the address and data bus 
for other operations. Following the initiation of a program cycle. 
the device will automatically 
erase the sector and then program 
the latched data using an internal control timer. The end of a 
program cycle can be detected by DATA polling of I/07. Once 
the end of a program cycle has been detected. a new access for 
a read or program can begin. 


SOFIWARE 
DATA PROTECTION: 
A software controlled 
data protection feature is available on the A1'19COIO. Once the 
software protection is enabled a software algorithm must be is- 
sued to the device before a program 
may be performed. 
The 
software protection 
feature may be enabled or disabled by the 
user; when shipped from Atrnel, the software 
data protection 
feature is disabled. To enable the software data protection, a se- 
ries of three program commands to specific addresses with spe- 
cific data must be performed. After the software data protection 
is enabled the same three program commands 
must begin each 
program cycle in order for the programs to occur. All software 
program commands must obey the sector program timing spec- 
ifications. Once set. the software data protection feature remains 
active unless its disable command 
is issued. Power transitions 
will not reset the software data protection feature, however the 
software feature will guard against inadvertent 
program cycles 
during power transitions. 


Once set, software data protection will remain active unless the 
disable command sequence is issued. 


After setting SDP, any attempt to write to the device without the 
three-byte command sequence will start the internal write tim- 
ers. No data will be written to the device; however. for the dura- 
tion of twe. a read operation will effectively be a polling opera- 
tion. 


After the software data protection's 
three-byte command code is 
given, a byte load is performed 
by applying a low pulse on the 
WE or CE input with CE or WE low (respectively) 
and OE high. 


The address is latched on the falling edge of CE or WE. which- 
ever occurs last The data is latched by the first rising edge of CE 
or WE. 


Device Operation 
(Continued) 


The 128 bytes of data must be loaded into each sector. Any byte 
that is not loaded during the programming 
of its sector will be 


erased to read FFh. Once the bytes of a sector are loaded into the 
device, they are simultaneously 
programmed 
during the internal 


programming 
period. After the first data byte has been loaded 


into the device, successive bytes are entered in the same man- 
ner. Each new byte to be programmed 
must have its high to low 


transition on WE (or CE) within 150 l!S of the low to high tran- 
sition of WE (or CE) of the preceding 
byte. If a high to low 


transition is not detected within 150 l!S of the last low to high 
transition, 
the load period will end and the internal program- 


ming period will start. A7 to A 15 specify the sector address. The 
sector address must be valid during each high to low transition 
of WE (or CE). AO to A6 specify the byte address within the 
sector. The bytes may be loaded in any order; sequential loading 
is not required. 


HARDWARE 
DATA 
PROTECTION: 
Hardware 
features 
protect against inadvertent 
programs 
to the AT29CO 10 in the 


following ways: (a) Vcc sense- 
if Vcc is below 3.8 V (typi- 


cal), the program 
function 
is inhibited. 
(b) Vcc 
power 
on 
delay- 
once Vcc has reached the Vcc sense level, the device 
will automatically 
time out 5 ms (typical) before programming. 
(c) Program inhibit- 
holding anyone 
of OE low, CE high or 


WE high inhibits program cycles. (d) Noise f1Iter- 
pulses of 


less than 15 ns (typical) on the WE or CE inputs will not initiate 
a program cycle. 


PRODUCT 
IDENTIFICATION: 
The product 
identification 
mode identifies the device and manufacturer as AtmeI. It may be 
accessed by hardware or software operation. The hardware op- 


Absolute Maximum Ratings· 


Temperature 
Under Bias 
-550C to +125°C 


Storage Temperature 
-65°C to +150oC 


All Input Voltages 
(including N.C. Pins) 
with Respect to Ground 
-0.6 V to +6.25 V 


All Output Voltages 
with Respect to Ground 
-0.6 V to Vcc +0.6 V 


Voltage on OE 
with Respect to Ground 
-0.6 V to +13.5 V 


eration mode can be used by an external programmer 
to identify 
the correct programming 
algorithm 
for the Atmel product. In 
addition, users may wish to use the software product identifica- 
tion mode to identify the part (i.e. using the device code), and 
have the system software use the appropriate sector size for pro- 
gram operations. 
In this manner, the user can have a common 
board design for 256K to 4-megabit 
densities and, with each 3 


density's sector size in a memory map, have the system software 
apply the appropriate sector size. 


For details, see Operating 
Modes (for hardware 
operation) or 
Software Product Identification. 
The manufacturer 
and device 
code is the same for both modes. 


DATA POLLING: 
TheAT29COI0featuresDATApollingto 
indicate the end of a program cycle. During a program cycle an 
attempted read of the last byte loaded will result in the comple- 
ment of the loaded data on 1/07. Once the program cycle has 
been completed, 
true data is valid on all outputs and the next 
cycle may begin. DATA polling may begin at any time during 
the program cycle. 


TOGGLE 
BIT: 
In addition to DATA polling the AT29COI0 


provides another method for determining 
the end of a program 


or erase cycle. During a program or erase operation, successive 
attempts to read data from the device will result in I/06 toggling 
between one and zero. Once the program cycle has completed, 
I/06 will stop toggling and valid data will be read. Examining 
the toggle bit may begin at any time during a program cycle. 


OPTIONAL 
CHIP ERASE MODES: 
The entire device may 


be erased by either using a six-byte software code or high volt- 
age. For details, please contact AtmeI. 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Typ 
Max 
Units 
Conditions 


CIN 
I 
4 
6 
pF 
VIN = 0 V 


COUT 
I 
8 
12 
pF 
VOUT= 
0 V 


AlmEL 


AlmlL 


AT29C010-90 
AT29C010-12 
AT29C010-15 
AT29C010-20 


Com. 
OOC-70°C 
OOC-70°C 
OOC-70°C 
OOC-70°C 
Operating 
Ind. 
-40°C - 85°C 
-40°C - 85°C 
-40°C - 85°C 
-40°C - 85°C 
Temperature 
(Case) 
Mil. 
-55°C - 125°C 
-55°C - 125°C 
-55°C - 125°C 


Vcc Power Supply 
5 V± 10% 
5 V± 10% 
5 V± 10% 
5V±10% 


Mode 
CE 
OE 
WE 
AI 
1/0 


Read 
VIL 
VIL 
VIH 
Ai 
DOUT 
Program(2) 
VIL 
VIH 
VIL 
Ai 
DIN 


5V Chip Erase 
VIL 
VIH 
VIL 
Ai 


StandbylWrite 
Inhibit 
VIH 
X(1) 
X 
X 
HighZ 


Program Inhibit 
X 
X 
VIH 


Program Inhibit 
X 
VIL 


j 
X 
. 
" 


Output Disable 
X 
VIH 
X 
HighZ 
A1-A16 = VIL,A9 = VH,(') 
Manufacturer 
Code(4) 
AD- VIL 
Product Identification 
VIL 
VIL 
VIH 
A1-A16 = VIL,A9 = VH,(') 
AO= VIH 
Device Code(4) 


Notes: 
1. X can be VII.or Vrn. 
2. Refer to A.C. Programming Waveforms. 
3. VH= 12.0V±O.5V. 
4. Manufacturer Code: IF, Device Code: D5 


Symbol 
Parameter 
Condition 
Mln 
Max 
Units 


III 
Input Load Current 
VIN = 0 V to Vcc 
10 
~ 
ILO 
Output Leakage Current 
VI/O= 0 Vto Vcc 
10 
~ 


ISB1 
Vcc Standby Current CMOS 
CE = Vcc - 0.3V to Vcc 
Com. 
100 
~ 
Ind., Mil. 
300 
~ 
ISB2 
Vcc Standby Current TTL 
CE = 2.0 V to Vcc 
3 
mA 


Icc 
Vcc Active Current 
f = 5 MHz; lOUT= 0 mA 
50 
mA 


VIL 
Input Low Voltage 
0.8 
V 


VIH 
Input High Voltage 
2.0 
V 


VOL 
Output Low Voltage 
IOL= 2.1 mA 
.45 
V 


VOH1 
Output High Voltage 
IOH= -400 ~ 
2.4 
V 


VOH2 
Output High Voltage CMOS 
IOH= -100~; 
Vcc = 4.5 V 
4.2 
V 


AT29C01D-90 
AT29C01D-12 
AT29C01D-15 
AT29C01D-20 


Symbol 
Parameter 
Min 
Max 
Min 
Max 
Min 
Max 
Min 
Max 
Units 


IAcc 
Address 
to Output 
Delay 
90 
120 
150 
200 
ns 


tCE (1) 
CE to Output 
Delay 
90 
120 
150 
200 
ns 


tOE (2) 
OE to Output 
Delay 
0 
40 
0 
50 
0 
70 
0 
80 
ns 


tOF (3,4) 
CE or OE to Output 
Float 
0 
40 
0 
40 
0 
50 
0 
55 
ns 


Output 
Hold from OE, CE 


tOH 
or Address, 
whichever 
0 
0 
0 
0 
ns 
occu rred fi rst 
• 


OUTPUT 
VALID 


Notes: 
1. CE may be delayed up to tACC- teE after the address transition 
without impact on tACC. 


2. OE may be delayed up to teE - toE after the falling edge 
of CE without impact on teE or by tACC- toE after an address 
change without impact on tACC. 


3. toF is specified from OE or CE whichever occurs rrrst 
(CL= 5pF). 


4. This parameter is characterized and is not 100% tested. 


< 


3.0V 
AC 
DRIVING 
LEVELS 
O.OV 


AC 
MEASUREMENT 
LEVEL 


Output Test Load 


5.0V 
1.811 
OUTPUT 
PIN 


1.3K 
:& 100pF 


Input Test Waveforms and 
Measurement 
Level 


Symbol 
Parameter 
Mln 
Max 
Units 


IAs. tOES 
Address, DE Set-up Time 
0 
ns 


IAH 
Address Hold Time 
50 
ns 


tcs 
Chip Select Set-up Time 
0 
ns 


tCH 
Chip Select Hold Time 
0 
ns 


twp 
Write Pulse Width (WE or CE) 
90 
ns 


tos 
Data Set-up Time 
50 
ns 


tOH,toEH 
Data, DE Hold Time 
0 
ns 


twc 
Write Cycle Time 
10 
ms 


A.C. Byte Load Waveforms- 
WE Controlled 


OE 


tWP 


DATA_IN 
[=tD=S=======t=D=H 
3----- 


A.C. Byte Load Waveforms- 
CE Controlled 


DE 


IWP 


DATA _IN 
[=tD=S=======tD=H=3 
_ 


Symbol 
Parameter 
Mln 
Max 
Units 


twc 
Write Cycle Time 
10 
ms 


!As 
Address Set-up Time 
0 
ns 


!AH 
Address Hold Time 
50 
ns 


tos 
Data Set-up Time 
50 
ns 


tOH 
Data Hold Time 
0 
ns 


twp 
Write Pulse Width 
90 
ns 


tSLC 
Byte Load Cycle Time 
150 
lIS 


twPH 
Write Pulse Width High 
100 
ns • 


Program Cycle Waveforms 


OE 
/------------//-/---------/ 
r- 


,<---~x 
:~ 


---------7'r- 
---------7/ 
r- 


~-~ 


BYTE126 
BYTE127f-- twc-----l 


Notes: 
A7 through Al6 must specify the sector address during each high to 
low transition of WE (or CE). 
OE must be high when WE and CE are both low. 
All bytes that are not loaded within the sector being programmed 
will be erased to FF. 


ATilEL 


AlmEL 


Software Data 
I 
Protection Enable Algorithm ( ) 
Software Data 
I 


Protection Disable Algorithm ( ) 


LOAD DATAAO 
TO 
ADDRESS 5555 


LOAD DATA 
TO 
(4) 
ENTER DATA 
SECTOR (128 BYTES) 
PROTECT STATE 


LOADDATAAA 
TO 
ADDRESS 5555 


Noles for soflware program code: 
I. Dala Format: I/07 - I/OO(Hex); 
Address Format: A14 - AO(Hex). 


2. Data Protect state will be activated at end of program cycle. 
3. Data Protect stale will be deactivated at end of program period. 
4. 128 by1esof data MUST BE loaded. 


LOAD DATA 55 
TO 
ADDRESS 2AAA 


LOAD DATA 20 
TO 
ADDRESS 5555 


LOAD DATA 


TO 
(4) 
SECTOR (128 BYTES) 


x__ 
~:~ 


:: 
~ 
BYTE 0 
BYTE 126 
BYTE 127f-- tWc---1 


Notes: 
I. A7 through A16 must specify the sector address during each high to low 
transition of WE (or CE) after the software code has been entered. 
2. OE must be high when WE and CE are both low. 
3. All bytes that are not loaded within the sector being programmed 
wlJl be erased to FF. 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 


tOH 
Data Hold Time 
10 
ns 


tOEH 
OEHoldTime 
10 
ns 


tOE 
OE to Output Delay 
, 
100 
ns 


twR 
Write Recovery Time 
0 
ns • 
Data Polling Waveforms 


WE 


AO-A16 
A_n~X 
An 
X 
An 
;: 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 


tOH 
Data Hold Time 
10 
ns 


tOEH 
OE Hold Time 
10 
ns 


tOE 
OE to Output Delay 
100 
ns 


tOEHP 
OE High Pulse 
150 
ns 


twR 
Write Recovery Time 
0 
ns 


Toggle Bit Waveforms 


WE 


Notes: 
1. Toggling either OE or CE or both OE and CE will operate toggle bit. 
2. Beginning and ending state of 1/06 will vary. 
3. Any address location may be used but the address should not vary. 


AlmEL 


Software Product 
Identification Entry (I) 


ENTER PRODUCT 
IDENTIFICATION 
MODE (2,3) 


Notes for soflware prodUCIidentification: 
1. Dala Formal: I/07· 
IIOO (Hex); 
Address Formal: A14 - AO(Hex). 


2. Al·A16=V~ 
Manufacrure Code is read for AO= Va; 
Device Code is read for AO= Vrn. 


3. The device does not remain in idenlification mode if 
powered down. 


4. The device returns to standard operation mode. 


Software Product 
Identification Exit (I) 


LOADDATAAA 


TO 


ADDRESS 5555 


EXIT PRODUCT 
IDENTIFICATION 
MODE (4) 


NORMALIZED 
SUPPLY 
CURRENT 
vs. 


TEMPERATURE 


N 
o 
1.3 
r 
m 
.1.2 
I 
I 
1.1 
z 
•d 
1.0 


~ 
09 


C 


NORMALIZED 
SUPPLY 
CURRENT 
vs. 


ADDRESS 
FREQUENCY 


N 
o 
r 
m 
1.0 
•I 
I 
0.9 
z 
•d 


AlmEL 


NORMALIZED 
SUPPLY 
CURRENT 
vs. 


SUPPLY 
VOLTAGE 


N 
o 


~ 
1.2 
•I 
I 
1.0 
z 
•d 


I 
C 
C 
0.6 
4. 0 
• 


AlmEL 


lAce 
Icc(mA) 


Ordering Code 
Package 
Operation 
Range 
(ns) 
Active 
Standby 


90 
50 
0.1 
AT29C010-90DC 
32D6 
Commercial 


AT29C010-90JC 
32J 
(00 to 70°C) 


AT29C010-90LC 
32L 
AT29C010-90PC 
32P6 


90 
50 
0.3 
AT29C010-90DI 
32D6 
Industrial 


AT29C010-90JI 
32J 
(-40° to 85°C) 


AT29C010-90Ll 
32L 
AT29C010-90PI 
32P6 


120 
50 
0.1 
AT29C010-12DC 
32D6 
Commercial 


AT29C010-12JC 
32J 
(0° to 70°C) 


AT29C010-12LC 
32L 
AT29C010-12PC 
32P6 


120 
50 
0.3 
AT29C010-12DI 
32D6 
Industrial 


AT29C010-12JI 
32J 
(-40° to 85°C) 


AT29C010-12L1 
32L 
AT29C010-12PI 
32P6 


AT29C010-12DM 
32D6 
Military 


AT29C010-12LM 
32L 
(-55°C to 125°C) 


AT29C010-12DM/883 
32D6 
Military/883C 


AT29C010-12LM/883 
32L 
Class B, Fully Compliant 
(-55°C to 125°C) 


150 
50 
0.1 
AT29C010-15DC 
32D6 
Commercial 


AT29C010-15JC 
32J 
(00 to 70°C) 


AT29C010-15LC 
32L 
AT29C010-15PC 
32P6 


150 
50 
0.3 
AT29C010-15DI 
32D6 
Industrial 


AT29C010-15JI 
32J 
(-40° to 85°C) 


AT29C010-15L1 
32L 
AT29C010-15PI 
32P6 


AT29C010-15DM 
32D6 
Military 


AT29C010-15LM 
32L 
(-55°C to 125°C) 


AT29C010-15DM/883 
32D6 
Military/883C 


AT29C010-15LM/883 
32L 
Class B, Fully Compliant 
(-55°C to 125°C) 


200 
50 
0.1 
AT29C010-20DC 
32D6 
Commercial 


AT29C010-20JC 
32J 
(0° to 70°C) 


AT29C010-20LC 
32L 
AT29C010-20PC 
32P6 


200 
50 
0.3 
AT29C010-20DI 
32D6 
Industrial 


AT29C010-20JI 
32J 
(-40° to 85°C) 


AT29C010-20Ll 
32L 
AT29C010-20PI 
32P6 


AT29C010-20DM 
32D6 
Military 


AT29C010-20LM 
32L 
(-55°C to 125°C) 


AT29C010-20DM/883 
32D6 
Military/883C 


AT29C010-20LM/883 
32L 
Class B, Fully Compliant 
(-55°C to 125°C) 


lAcc 
Icc(mA) 


Ordering Code 
Package 
Operation 
Range 
(ns) 
Active 
Standby 


120 
50 
0.1 
AT29C010-12TC 
32T 
Commercial 
(0° to 70°C) 


150 
50 
0.1 
AT29C010-15TC 
32T 
Commercial 
(0° to 70°C) 


Package Type 


3206 
32 Lead, 0.600· Wide, Non-Windowed, Ceramic Duallnline 
Package (Cerdip) 


32J 
32 Lead, Plastic J-Leaded Chip Carrier (PLCC) 


32L 
32 Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC) 


32P6 
32 Lead, 0.600· Wide, Plastic Duallnline 
Package (PDIP) 


32T 
32 Lead, Thin Small Outline Package (TSOP) 


ATiEL 


• 


AlmEL 


Features 


• 
Single 3.3 V ± 10"'"Supply 


• 
Thre.Volt-Only 
Read and Write Operation 


• 
Software Protected Programming 


• 
Low Power Dissipation 
15 mA Active CUrrent 
20 ~ 
CMOS Standby Current 


• 
Fast Read Access Time - 200 ns 
• 
Sector Program Operation 
Single Cycle Reprogram (Erase and Program) 
1024 sectors (128 bytes/sector) 
Internal Address and Data Latches for 128 Bytes 


• 
Fast sector Program Cycle Time - 20 ms Max. 


• 
Internal Program Control and Timer 


• 
DATA Polling for End of Program Detection 


• 
High Reliability CMOS Technology 


1000 Program Cycles per Sector 
1o-Year Data Retention 
• 
CMOS and TTL Compatible Inputs and Outputs 


• 
Commercial and Industrial Temperature Ranges 


Description 


The AT29LVOI0 
is a three-volt-only 
in-system Programmable 
Erasable Read Only M 
ory 
(pEROM). Its one-megabit 
of memory is organized as 131,072 words by 8 bits. 
lIfacti'iq:d 


with Atmel's advanced nonvolatile CMOS technology, the device offers access time 
to 200 
ns with power dissipation 
of just 54 mW over the commercial 
tempera 
range. When the 
device is deselected, the CMOS standby current is less than 20 ~A. 


1 Megabit 
(128K x 
3-Vo 
C 
• 


Pin Name 
Function 


AO-A16 
Addresses 


CE 
Chip Enable 


OE 
Output Enable 


WE 
Write Enable 


1/00-1/07 
Data InputslOutputs 


NC 
No Connect 


AlmEL 


Description 
(Continued) 
To 
allow 
for 
simple 
in-system 
reprogrammability, 
the 
AT29L VOlO does not require high input voltages for program- 
ming. Three-volt-only 
commands 
determine 
the operation 
of 
the device. Reading data out of the device is similar to reading 
from an EPROM. 
Reprogramming 
the AT29LVOlO 
is per- 
formed on a sector basis; 128 bytes of data are loaded into the 
device and then simultaneously 
programmed. 


During a reprogram 
cycle, the address locations and 128 bytes 
of data are captured 
at microprocessor 
speed and internally 


OE 


WE 
CE 


ADDRESS 
[ 
INPUTS 


OE. CEANDWE 
LOGIC 


Device Operation 


READ: 
The AT29LVOI0 
is accessed like an EPROM. When 
CE and OE are low and WE is high, the data stored at the mem- 
ory location determined 
by the address pins is asserted on the 
outputs. The outputs are put in the high impedance state when- 
ever CE or OE is high. This dual-line control gives designers 
flexibility in preventing bus contention. 


SOFIW ARE DATA PROTECTION 
PROORAMMING: 
The 
AT29L VOlO has 1024 individual sectors, each 128 bytes. Using 
the software data protection feature, byte loads are used to enter 
the 128 bytes of a sector to be programmed. 
The AT29L VOlO 
can only be programmed 
or reprogrammed 
using the software 
data protection 
feature. The device is programmed 
on a sector 
basis. If a byte of data within the sector is to be changed, data for 
the entire 128-byte sector must be loaded into the device. The 
AT29L VO10 automatically 
does a sector erase prior to loading 
the data into the sector. An erase command is not required. 


Software data protection 
protects the device from inadvertent 
programming. 
A series of three program commands to specific 
addresses with specific data must be presented to the device be- 
fore programming 
may occur. The same three program com- 
mands must begin each program operation. 
All software pro- 
gram commands must obey the sector program timing specifica- 
tions. Power transitions 
will not reset the software data protec- 


latched, freeing the address and data bus for other operations. 
Following the initiation of a program cycle, the device will au- 
tomatically erase the sector and then program the latched data 
using an internal control timer. The end of a program cycle can 
be detected by DATA polling of 1/07. Once the end of a pro- 
gram cycle has been detected, a new access for a read or pro- 
gram can begin. 


tion feature, however the software feature will guard against in- 
advertent program cycles during power transitions. 


Once set, software data protection will remain active unless the 
disable command sequence is issued. 


After setting SDP, any attempt to write to the device without the 
three-byte command sequence will start the internal write tim- 
ers. No data will be written to the device; however, for the dura- 
tion of twc, a read operation will effectively be a polling opera- 
tion. 


After the software data protection's 
three-byte command code is 
given, a byte load is performed 
by applying a low pulse on the 
WE or CE input with CE or WE low (respectively) 
and OE high. 


The address is latched on the falling edge of CE or WE, which- 
ever occurs last. The data is latched by the first rising edge of CE 
or WE. 


The 128 bytes of data must be loaded into each sector. Any byte 
that is not loaded during the programming 
of its sector will be 
erased to read FFh. Once the bytes of a sector are loaded into the 
device, they are simultaneously 
programmed 
during the internal 
programming 
period. After the first data byte has been loaded 
into the device, successive bytes are entered in the same man- 
ner. Each new byte to be programmed 
must have its high to low 
transition on WE (or CE) within 150 lIS of the low to high tran- 


continued on next page 


Device Operation 
(Continued) 
sition of WE (or CE) of the preceding 
byte. If a high to low 


transition is not detected within ISO IlS of the last low to high 
transition, 
the load period will end and the internal program- 


ming period will start. A7 to A 16 specify the sector address. The 
sector address must be valid during each high to low transition 
of WE (or CE). AO to A6 specify the byte address within the 
sector. The bytes may be loaded in any order; sequential loading 
is not required. 


HARDWARE 
DATA 
PROTECTION: 
Hardware 
features 
protect against inadvertent programs to the AT29L VOIO in the 
following ways: (a) Vcc sense- 
if Vcc is below 1.8 V (typi- 


cal), the program 
function 
is inhibited. 
(b) Vcc 
power 
on 


delay- 
once Vcc has reached the Vcc sense level, the device 
will automatically 
time out 10 ms (typical) before program- 


ming. (c) Program 
inhibit- 
holding anyone 
of OE low, CE 


high or WE high inhibits program 
cycles. 
(d) Noise filter- 


pulses of less than 15 ns (typical) on the WE or CE inputs will 
not initiate a program cycle. 


INPUT LEVELS: 
While operating with a 3.3 V ±10% power 
supply, the address inputs and control inputs (OE, CE and WE) 
may be driven from 0 to 5.5 V without adversely affecting the 
operation of the device. The I/O lines can only be driven from 0 
to 3.6 volts. 


PRODUCT 
IDENTIFICATION: 
The product 
identification 
mode identifies the device and manufacturer as Atrnel. It may be 
accessed by hardware or software operation. The hardware op- 
eration mode can be used by an external programmer to identify 
the correct programming 
algorithm 
for the Atrnel product. In 


Absolute Maximum Ratings* 


Temperature 
Under Bias 
-55°C to +125°C 


Storage Temperature 
-65°C to +150oC 


All Input Voltages 
(including N.C. Pins) 
with Respect to Ground 
-0.6 V to +6.25 V 


All Output Voltages 
with Respect to Ground 
-0.6 V to Vcc +0.6 V 


Voltage on A9 
(including N.C. Pins) 
with Respect to Ground 
-0.6 V to +13.5 V 


addition, users may wish to use the software product identifica- 
tion mode to identify the part (Le. using the device code), and 
have the system software use the appropriate sector size for pro- 
gram operations. 
In this manner, the user can have a common 


board design for 256K to 4-megabit 
densities 
and, with each 


density's sector size in a memory map, have the system software 
apply the appropriate sector size. 


For details, see Operating 
Modes (for hardware 
operation) or 3 


Software Product Identification. 
The manufacturer 
and device 
code is the same for both modes. 


DATA 
POLLING: 
The AT29L VO10 features DATA polling 


to indicate the end of a program cycle. During a program cycle 
an attempted read of the last byte loaded will result in the com- 
plement of the loaded data on 1/07. Once the program cycle has 
been completed, 
true data is valid on all outputs and the next 
cycle may begin. DATA polling may begin at any time during 
the program cycle. 


TOGGLE BIT: 
In addition to DATA polling the AT29L VO10 


provides another method for determining 
the end of a program 
or erase cycle. During a program or erase operation, successive 
attempts to read data from the device will result in 1/06 toggling 
between one and zero. Once the program cycle has completed, 
1/06 will stop toggling and valid data will be read. Examining 
the toggle bit may begin at any time during a program cycle. 


OPTIONAL 
CHIP ERASE MODES: 
The entire device may 


be erased by either using a six-byte software code or high volt- 
age. For details, please contact Atrnel. 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 


mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Typ 
Max 
Units 
Conditions 


CIN 
I 
4 
6 
pF 
VIN =0 
V 


COUT 
I 
8 
12 
pF 
VOUT= 
0 V 


AT29LV01G-20 
AT29LV010-25 


Operating 
Com. 
OOC-70°C 
OOC-70°C 


Tel1ll8rature 
(Case) 
Ind. 
-40°C - 85°C 
-40°C - 85°C 


Vcc Power Supply 
3.3 V±0.3 
V 
3.3 V±0.3 
V 


Mode 
CE 
OE 
WE 
AI 
1/0 


Read 
VIL 
VIL 
VIH 
Ai 
DoUT 
Prooram(2) 
VIL 
VIH 
VIL 
Ai 
DIN 


StandbylWrite 
Inhibit 
VIH 
X(1) 
X 
X 
HighZ 


Prooram Inhibit 
X 
X 
VIH 


Prooram Inhibit 
X 
VIL 
X 


Output Disable 
X 
VIH 
X 
HighZ 


A1-A16 - VIL.A9 - VH(~). 
Manufacturer 
Code(4) 
AO- VIL 
Product Identification 
VIL 
VIL 
VIH 
A1-A16 - VIL.A9 - VH\~). 
Device Code(4) 
AO- VIH 


NOles: 
1. X can be Vn. or Vm. 
2. Refer to A.C. Programming Waveforms. 


3. VH= 12.0 V ±0.5 V. 
4. Manufacturer Code: IF, Device Code: 35. 


Symbol 
Parameter 
COndition 
Mln 
Max 
UnRs 


III 
Input Load Current 
VIN = 0 V to Vcc 
1 
!J.A 


ILO 
Output Leakaae Current 
VI/O = 0 V to Vcc 
1 
!J.A 


1581 
Vcc Standby Current CMOS 
CE = Vcc- 
0.3 Vto Vcc 
Com. 
20 
!J.A 


Ind. 
50 
!J.A 


1582 
Vcc Standby Current TIL 
CE = 2.0 V to Vcc 
1 
mA 


Ice 
Vcc Active Current 
f = 5 MHz; lOUT= 0 mA; Vcc = 3.6 V 
15 
mA 


VIL 
Inout Low Voltaae 
0.6 
V 


VIH 
Input Hiah Voltaae 
2.0 
V 


VOL 
Output Low Voltage 
IOL= 1.6 mA; Vcc = 3.0 V 
.45 
V 


VOH 
Output High Voltage 
IOH= -100!J.A; Vcc = 3.0 V 
2.4 
V 


AT29LV01G-20 
AT29LV010·25 


Symbol 
Parameter 
Min 
Max 
Min 
Max 
Units 


tACC 
Address 
to Output 
Delay 
200 
250 
ns 


tCE (1) 
CE to Output 
Delay 
200 
250 
ns 


tOE (2) 
OE to Output 
Delay 
0 
100 
0 
120 
ns 


tDF (3,4) 
CE or OE to Output 
Float 
0 
55 
0 
80 
ns 


tOH 
Output 
Hold from OE, CE or Address, 
0 
0 
ns 
whichever 
occurred 
first 


OUTPUT 
VALID 


Notes: 
1. CE may be delayed 
up to tACC - teE after the address 
transition 
without 
impact 
on tACC. 
2. OE may be delayed 
up to teE - toE after the falling 
edge 
of CE without 
impact 
on teE or by tACC - toE after an address 


change 
without 
impact 
on tACC. 


3. 
tDF is specified 
from OE or CE whichever 
occurs 
rrrst 
(CL=5pF). 


4. 
This parameter 
is characterized 
and is not 100% tested. 


Input Test Waveforms 
and 


Measurement 
Level 


Output Test Load 


3.3V 


1.8Kll 


OUTPUT 
PIN 


1.3K 
~ 
100pF 
< 


2.4V 
AC 
DRIVING 
LEVELS 
O.4V 
tR.tF< 5 ns 


AC 
MEASUREMENT 
LEVEL 


• 


A1IDEL 


Symbol 
Parameter 
Mln 
Max 
Units 


twc 
WritE> Cycle 
Time 
20 
ms 


IAs 
Address 
Set-up 
Time 
10 
ns 


IAH 
Address 
Hold Time 
100 
ns 


tDS 
Data Set-up 
Time 
100 
ns 


tDH 
Data 
Hold Time 
10 
ns 


twp 
Write 
Pulse 
Width 
200 
ns 


tBLC 
Byte Load 
Cycle 
Time 
150 
j.lS 


twPH 
Write 
Pulse 
Width 
High 
200 
ns 


__ ~/-------------~7//r/----------T7/ 
~ 


x 
:~ 


(2) 


A7-A16 


:: 
~ 
BYTE 0 
BYTE126 
BYTE127I-- tWc---J 
Notes: 
1. OE must be high when WE and CE are both low. 
2. A7 through A16 must specify the sector address during each 
high to low transition of WE (or CE) after the software code 
has been entered. 


3. All bytes that are not loaded withIn the sector being pro- 


grammed 
wllI be erased to FF. 


LOADDATAAA 
TO 
ADDRESS 5555 


LOAD DATA 55 
TO 
ADDRESS 2AAA 


LOAD DATAAO 
TO 
ADDRESS 5555 
Notes for software program code: 
I. Data Format: I107-I100 (Hex); 


Address Format: AI4-AO (Hex). 


2. Data Protect state will be re-activated at end of program cycle. 
3. 128 bytes of data MUST BE loaded. 


LOAD DATA 
TO 
(3) 
ENTER DATA 
SECTOR (128 BYTES) 
PROTECT STATE 


Symbol 
Parameter 
Mln 
Max 
Units 


tAs, tOES 
Address, OE Set-up Time 
10 
ns 


tAH 
Address Hold Time 
100 
ns 


tcs 
Chip Select Set-up Time 
0 
ns 


tCH 
Chip Select Hold Time 
0 
ns 


twp 
Write Pulse Width (WE or CE) 
200 
ns 


tos 
Data Set-up Time 
100 
ns 


tOH,tOEH 
Data, OE Hold Time 
10 
ns 


twc 
Write Cycle Time 
20 
ms • 


A.C. Byte Load Waveforms 
During Software Protection 
(1,2) 


WE Controlled 


tWp. 


DATA 
_1_N 
t=tD=S=======tD=H=3~-- 
__ 


CE Controlled 


OE 


tWp. 


DATA 
_IN 
-<t=tD=s=======tD==H3~-- 
__ 


Notes: 
1. The software 
data protection 
commands 
must be applied 
prior 
to byte loads. 


2. 
A complete 
sector 
(128 bytes) 
should 
be loaded 
using 
these 
waveforms 
as shown 
in the Software 
Protected 
Byte Load 
waveforms 
(see previous 
page). 


AlmEL 


ATmEL 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 


tOH 
Data Hold Time 
10 
ns 


tOEH 
OE Hold Time 
10 
ns 


tOE 
OE to Output Delay 
120 
ns 


twR 
Write Recovery Time 
0 
ns 


Data Polling Waveforms 


WE 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 


tOH 
Data Hold Time 
10 
ns 


tOEH 
OE Hold Time 
10 
ns 


tOE 
OE to Output Delay 
120 
ns 


tOEHP 
OE High Pulse 
150 
ns 


tWR 
Write Recovery Time 
0 
ns 


Toggle Bit Waveforms 
(1,3) 


WE 


Notes: 
1. Toggling either DE or CE or both DE and CE will operate 
toggle bit. 


2. Beginning and ending state of I/D6 will vary. 
3. Any address location may be used but the address should not vary. 


Software Product 
Identification 
Entry 
(1) 


ENTER PRODUCT 
IDENTIFICATION 
MODE (2.3) 


Notes for software product identification: 
I. Data Format: 1/07 - 1/00 (Hex); 
Address Format: A14 - AO(Hex). 


2. Al - A16 = VII •• 


Manufacture Code is read for AO= Vn; 
Device Code is read for AO= Vrn. 


3. The device does not remain in identification mode if 
powered down. 


4. The device returns to standard operation mode. 


AlmlL 


Software Product 
Identification 
Exit (1) 


EXIT PRODUCT 
IDENTIFICATION 
MODE (4) • 


AlmlL 


fAcc 
Icc(mA) 
Ordering Code 
Package 
Operation 
Range 
(ns) 
Active 
Standby 


200 
15 
0.02 
AT29LV010-200C 
3206 
Commercial 


AT29LV010-20JC 
32J 
(0° to 70°C) 


AT29LV010-20PC 
32P6 


15 
0.05 
AT29LV010-2001 
3206 
Industrial 


AT29LV010-2OJI 
32J 
(-40° to 85°C) 


AT29LV010-20PI 
32P6 


250 
15 
0.02 
AT29LV010-250C 
3206 
Commercial 


AT29L V01 0-25JC 
32J 
, 
(0° to 70°C) 


AT29L V01 0-25PI 
32P5 


15 
0.05 
AT29LV010-2501 
3206 
Industrial 


AT29LV010-25J1 
32J 
(-40° to 85°C) 


AT29L V01 0-25PI 
32P6 


fAcc 
Icc(mA) 
Ordering Code 
Package 
Operation 
Range 
(ns) 
Active 
Standby 


200 
15 
0.02 
AT29LV010-20TC 
32T 
Commercial 
(0° to 70°C) 


250 
15 
0.02 
AT29L V01 0-25TC 
32T 
Commercial 
(00 to 70°C) 


Package Type 


3206 
32 Lead, 0.600· Wide, Non-Windowed, Ceramic Ouallnline Package (Cerdip) 


32J 
32 Lead, Plastic J-Leaded Chip Carrier (PLCC) 


32P6 
32 Lead, 0.600· Wide, Plastic Ouallnline Package (POIP) 


32T 
32 Lead, Thin Small Outline Package (TSOP) 


Features 


• 
Fast Read Access Time - 120 ns 


• 
Five-Volt-Only Read and Program Operation 


• 
Software and Hardware Data Protection 


• 
Sector Program Operation 
Single Cycle Reprogram (Erase and Program) 
1024 sectors (512 bytes/sector) 
Internal Address and Data Latches for 512 Bytes 


• 
Fast sector Program Cycle Time - 10 ms 


• 
Internal Program Control and Timer 


• 
Low Power Dissipation 
50 mA Active Current 
100 ~ 
CMOS Standby Current 


• 
DATA Polling for End of Program Detection 


• 
High Reliability CMOS Technology 
1000 Program Cycles 
1o-Year Data Retention 


• 
Single 5 V ± 10"k Supply 


• 
CMOS and TTL Compatible Inputs a 


• 
Full Military, Commercial, and Industr 


• 
DIP Is Pin-Compatible with the Z~~~ 51 


Description 


The AT29C040 is a five-volt-on 
(pEROM). 
Its 4 megabit of me 


with Atmel's advanced nQUv 
ns with power dissipatiOlh'lf' 
device is deselected.}lleCM. 
rithm is identicallO'A!lJIel:.s 


AO-A18 


CE 


OE 


WE 


1/00-1/07 


NC 


TSOP Top View 
Type 1 


NCNC 
012 
4039 
NC 


All 
I>S 
3 
38 
NC OE 


AS 
5 
36 37 
A10 CE 
A13 
35 
1107 1106 
A14 
7 
34 


WE~ 
a 
9 
3233 
1105 1104 
10 
31 
1103 
Ala 
11 
30 
VSS 
A16 
12 
29 
1102 
A15 A12 
14 13 
28 27 
1100 1101 
A7 
AS 
1615 
26 25 
A1 
AO 


AS 
A4 
1817 
24 23 
A3 
A2 
NCNC 
20 19 
22 21 
NC NC 


AlmEL 
3-87 
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Features 


• 
Single 3.3 V ± lOOkSupply 
• 
Three-Von·Only Read and Write Operation 
• 
Fast Read Access Time· 250 ns 
• 
Software Protected Programming 
• 
Low Power Dissipation 
15 mA Active Current 
20 ~ 
CMOS Standby Current 
• 
Sector Program Operation 
Single Cycle Reprogram (Erase and Program) 
1024 sectors (512 bytes/sector) 
Internal Address and Data Latches for 512 Bytes 
• 
Fast sector Program Cycle Time· 20 ms Max. 
• 
Internal Program Control and Timer 
• 
DATA Polling for End of Program Detection 
• 
High Reliability CMOS Technology 
1000 Program Cycles per Sector 
lo-Year Data Retention 
• 
CMOS and TIL Compatible Inputs al'ld Qutputs 
• 
Commercial and Industrial Temperature Ranges 


Description 


The AT29L V040 is a three-volt-only 
in-system Programmable 
and Erasable Read Only Mem- 
ory (pER OM). Its 4 megabit of memory is orlPlnized as 524,288 words by 8 bits. Manufactured 
with Atmel's 
advanced nonVOlatile,CMOS teqlmology, the device offers access Urnes to 250 
ns with power dissipation 
of just 54 mW over the commercial 
temperature 
iange.\Vhen 
the 
device is deselected, 
the CMOS standby current is less than 20 ~. 
The programming 
algo- 


rithm is identical to Atmel's 256K, 5I2K, and I-megabit Flash PEROMs. 


Pin Name 
Function 


AO-A18 
Addresses 


CE 
Chip Enable 


OE 
Output Enable 


WE 
Write Enable 


1/00-1/07 
Data Inputs/Outputs 


NC 
No Connect 


TSOP Top View 
Type 1 


NCNC 


A~ 
N3 


A13 
A14WE:~ 


A18 
A18 
A15 
A12 


A7 
A6 


AS 
A4 


NCNC 


012 
4039 
3 
3B 
4 
36 
37 
5 
6 
35 
7 
34 


8 
9 
32 
33 
10 
31 
11 
30 
12 
29 


1413 
2B 27 


1615 
26 
25 


1817 
24 
23 


20 19 
22 
21 


NC 
NC 
OE 


A10 
CE 


1107 1106 


1105 1104 
1.1)3 


1102 GND 


1100 1101 


A1 
AO 


A3 
A2 


NC NC 


°t 
8) 
nly • 
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PEROMs (Flash) 


EPROMs 


AlmEL 
------ 


AT27C256R 
AT27LV256R 
AT27HC256R 
AT27C512R 
AT27LV512R 
AT27C010/L 
AT27LV010 
AT27C1024 
AT27HC1024 
AT27 LV 1024 
AT27C040 
AT27 LV040 


32K x 8 
32K x 8 
32K x 8 
64K x 8 
64K x 8 
128K x 8 
128K x 8 
64K x 16 
64K x 16 
64K x 16 
512K x 8 
512K x 8 


256K EPROM 
4-3 


256K, 3-Volt EPROM 
4-13 


High Speed, 256K EPROM 
4-21 


512K EPROM 
4-27 


512K, 3-Volt EPROM 
4-35 


1-Mbit EPROM 
4-43 


1-Mbit, 3-Volt EPROM 
4-55 


1-Mbit EPROM 
4-63 


High Speed, 1-Mbit EPROM 
4-71 
1-Mbit, 3-Volt EPROM 
4-79 
4-Mbit EPROM 
4-87 


4-Mbit, 3-Volt EPROM 
4-95 


EPROM Application Notes 
Interfacing LV EPROMs on a Mixed 3-Volt/5-Volt Data Bus 
4-103 


3-Volt EPROM Family 
4-109 


On-Board, System EPROM Programming with Vcc= 5 Volts 
4-111 


On-Board EPROM Programming 
.4-113 


EPROM Speed Programming 
.4-117 


Programming Socket Adapter 
.4-125 


AlmlL 


• 
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Features 


• 
Fast Read Access Time· 
70 ns 


• 
Low Power CMOS Operation 


100 ~ 
max. Standby 


20 mA max. Active at 5 MHz 


• 
Wide Selection of JEDEC Standard Packages 
Including: 
28-Lead 6OG-mll Cerdlp, OTP Plastic DIP, SOIC, or TSOP 
32·Pad LCC, 32·Lead JLCC and OTP PLCC 


• 
5V ± 10"10 Supply 


• 
High Reliability 
CMOS Technology 


2000 V ESD Protection 
200 mA Latchup Immunity 


• 
Rapid 
Programming· 
100 Ilslbyte (typical) 


• 
Two-line Control 


• 
CMOS and TTL Compatible 
Inputs and Outputs 


• 
Integrated 
Product Identification 
Code 


• 
Military, Commercial 
and Industrial Temperature 
Ranges 


Description 


The AT27C256R chip is a low-power, high performance 262,144 bit Ultraviolet Erasable and 
Electrically Programmable 
Read Only Memory (EPROM) organized 32K x 8. It requires only 


one 5 V power supply in normal read mode operation. Any byte can be accessed in less than 
70 ns, eliminating 
the need for speed reducing WAIT slates on high performance 
micro- 


processor systems. 


Atmel's scaled CMOS technology provides low active power consumption, and fast program- 
ming. 
Power consumption 
is typically only 8 mA in Active Mode and less than 10 J.1.Ain 


Standby. 


CDIP, PDIP, SOIC Top 


vpp 
1 
28 
VCC 
A12 
2 
27 
A14 
A7 
3 
26 
A13 
A6 
4 
25 
A8 
AS 
5 
24 
A9 
A4 
8 
23 
Al1 
A3 
7 
22 
DE 
A2 
8 
21 
Al0 
A1 
9 
20 
CE 
AO 
10 
19 
07 
00 
11 
18 
06 
01 
12 
17 
05 
02 
13 
18 
04 
GND 
14 
15 
03 


Pin Name 
Function 


AO-A14 
Addresses 


00-07 
Outputs 


CE 
Chip Enable 


OE 
Output Enable 


NC 
No Connect 


LCC, JLCC, 
PLCC Top 


A7 vpp vcc A13 


A12 NC A14 


4 
2 
32 
30 
A6 
5 
3 
1 
31 29 
AS 
A56 
28M 
A4 
7 
27 
All 
A38 
26NC 
A29 
250E 
A1 
10 
24 
Al0 


AO 
11 
23 
CE 
NC 
12 
22 
07 
00 
13 15 
17 
19 21 
06 
14 
16 
18 
20 


02 
NC 04 
01 
GND 03 
05 


TSOP Top View 
Type 1 
DE 
Al1 


A9 A8 
A13 
vcc:;; 


A12 
A7 


A6 
A4 AS 
A3 
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21 20 
19 18 
17 16 
15 
14 


13 
12 
11 10 
9 
8 


CE 
A10 
07 


~05 
03 
GND02 
01 
AO 
00 
A2 
Al 


256K (32K X 8) 


UV 
• 
Erasable 
~ 


CMOS 
EPROM 
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Description 
(Continued) 


The 
AT27C256R 
comes 
in a choice 
of industry 
standard 
JEDEC-approved 
packages 
including: 
28-pin 
windowed 
ce- 


ramic DIP, 28-pin one time programmable 
(OTP) plastic DIP, 


28-pin OTP gull wing small outline IC (SOIC), 28-pin OTP thin 
small outline package (TSOP), 32-pad windowed ceramic lead- 
less chip carrier (LCC), 32-lead windowed J-leaded chip carrier 
(JLCC), and 32-lead OTP plastic J-leaded chip carrier (pLCC). 
All devices feature two line control (CE, OE) to give designers 
the flexibility to prevent bus contention. 


With high density 32K byte storage capability, the AT27C256R 
allows firmware to be stored reliably and to be accessed by the 
system without the delays of mass storage media. 


Atmel's 27C256R has additional features to ensure high quality 
and efficient production 
use. The Rapid Programming 
Algo- 
rithm reduces the time required to program the part and guaran- 
tees reliable programming. 
Programming 
time is typically only 


100 JlS/byte. The Integrated 
Product Identification 
Code elec- 
tronically identifies the device and manufacturer. 
This feature is 


used by industry standard programming 
equipment to select the 
proper programming 
algorithms and voltages. 


Erasure Characteristics 


The entire memory array of the AT27C256R 
is erased (all out- 


puts read as VOH) after exposure to ultraviolet light at a wave- 
length of 2537 A. Complete erasure is assured after a minimum 
of 20 minutes exposure using 12,000 lJ.W/cm2 intensity lamps 
spaced one inch away from the chip. Minimum erase time for 
lamps at other intensity ratings can be calculated from the min- 
imum integrated erasure dose of 15 W.sec/cm2. To prevent un- 
intentional erasure, an opaque label is recommended 
to cover 


the clear window on any UV erasable EPROM which will be 
subjected to continuous 
fluorescent indoor lighting or sunlight. 


Block Diagram 
vcc 
_ 
GND 
_ 


vpp 
----+ 


OUTl'UT 
BUFFERS 


Y-GATING 


CELL MATRIX 


IDENTIFICATION 


Temperature 
Under Bias 
-SSoC to +12SoC 


Storage Temperature 
-65°C to +1S0oC 


Voltage on Any Pin with 
Respect to Ground 
-2.0 V to +7.0 V(1) 


Voltage on A9 with 
Respect to Ground 
-2.0 V to +14.0 V(1) 


Vpp Supply Voltage with 
Respect to Ground 
-2.0 V to +14.0 V(1) 


Integrated UV Erase Dose 
7258 W·seclcm2 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 


mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Notes: 
1. Minimum voltage is -0.6 V dc which may undershoot to 


-2.0 V for pulses of less than 20 ns. Maximum output pin volt- 
age is Vcc+O.75 V dc which may overshoot to +7.0 V for 
pulses of less than 20 ns. 


Mode \ Pin 
CE 
OE 
Ai 
Vpp 
Vcc 
Outputs 


Read 
VIL 
VIL 
Ai 
Vcc 
Vcc 
DOUT 


Output Disable 
VIL 
VIH 
X(1) 
Vcc 
Vcc 
HighZ 


Standby 
VIH 
X 
X 
Vcc 
Vcc 
HighZ 


Rapid Program(2) 
VIL 
VIH 
Ai 
Vpp 
Vcc 
DIN 


PGM Verify(2) 
X 
VIL 
Ai 
Vpp 
Vcc 
DOUT 


Optional PGM Verify(2) 
VIL 
VIL 
Ai 
Vcc 
Vcc 
DOUT 


PGM Inhibit(2) 
VIH 
VIH 
X 
Vpp 
Vcc 
HighZ 


Product Identification(4) 


A9=VH (3) 


Identification 
VIL 
VIL 
AO=VIH or VIL 
Vcc 
Vcc 
Code 
A1-A14=VIL 


Notes: 
1. X can be Vn..or VllI. 
2. Refer to Programming characteristics. 
3. VH= 12.0 ± 0.5 V. 


4. Two identifier bytes may be selected. All Ai inputs 


are held low (VtL), except A9 which is set to VH and AO 
which is toggled low (VIL)to select the Manufacturer's Identi- 
fication byte and high (VIH)to select the Device Code byte. 


AT27C256R 


-70 
-90 
-12 
-15 
-20 
-25 


Operating 
Com. 
OOC-70°C 
OOC-70°C 
OOC-70°C 
OOC-70°C 
OOC-70°C 
OOC-70°C 


Temperature 
Ind. 
-40°C - 85°C 
-40°C - 85°C 
-40°C - 85°C 
-40°C - 85°C 
-40°C - 85°C 
-40°C - 85°C 
(Case) 
Mil. 
-55°C - 125°C 
-55°C - 125°C 
-55°C - 125°C 
-55°C - 125°C 
-55°C - 125°C 


Vcc Power 
5 V± 10% 
5 V± 10% 
5 V± 10% 
5 V± 10% 
5 V± 10% 
5 V± 10% 
Supply 


Symbol 
Parameter 
Condition 
Mln 
Max 
Units 


III 
Input Load Current 
VIN=-0.1 
VtoVcc+1 
V 
10 
J.1A 


[LO 
Output Leakage Current 
VOUT= -0.1 V to Vcc+0.1 
V 
10 
J.1A 


IpP1 (2) 
Vpp (1) Read/Standby 
Current 
Vpp = 3.8 to Vcc+0.3 
V 
10 
J.1A 


ISB1(CMOS) 
Com. 
100 
J.1A 


ISB 
Vcc (1) Standby Current 
CE = Vcc-0.3 to Vcc+ 1.0 V 
Ind.,Mil. 
200 
J.1A 


ISB2(TIL) 
Com. 
2 
mA 


CE = 2.0to Vcc+1.0V 
Ind.,Mil. 
3 
mA 


Icc 
Vcc Active Current 
f = 5 MHz, lOUT= 0 mA, 
Com. 
20 
mA 


CE = VIL 
Ind.,Mil. 
25 
mA 


VIL 
Input Low Voltage 
-0.6 
0.8 
V 


VIH 
Input High Voltage 
2.0 
Vcc+0.75 
V 


VOL 
Output Low Voltage 
IOL= 2.1 mA 
.45 
V 


IOH= -100 J.1A 
Vcc-0.3 
V 


VOH 
Output High Voltage 
IOH= -2.5 mA 
3.5 
V 


IOH= -400 J.1A 
2.4 
V 


Vpp 
Vpp Read Voltage 
Vcc = 5 ± 0.25 V 
3.8 
Vcc+.3 
V 


Notes: 1. Vcc must be applied simultaneously or before Vpp, 
and removed simultaneously or after Vpp. 
2. Vpp may be connected directly to Vcc, except during program- 


ming. The supply current would then be the sum of Ice and Ipp. 


AT27C256R 


-70 
-90 
-12 
-15 
-20 
-25 


Symbol 
Parameter 
Condition 
Min Max Min Max Min Max Min Max Min Max Min Max Units 


tACC (4) 
Address to 
CE= 
OE 
Com.,Ind. 
70 
90 
120 
150 
200 
250 
ns 


Output Delay 
= VIL 
Mil. 
90 
120 
150 
200 
250 
ns 
tCE (3) 
CE to Output Delay 
OE = VIL 
70 
90 
120 
150 
200 
250 
ns 


tOE (3,4) 
OE to Output Delay 
CE = VIL 
30 
35 
35 
60 
75 
100 
ns 


tOF (2.5) 
OE or CE High to 
CE = VIL 
25 
30 
30 
45 
55 
60 
ns 
Output Float 


Output Hold frol!L 
CE = OE 
tOH 
Address, CE or OE, 
0 
0 
0 
0 
0 
0 
whichever 
occurred 
= VIL 
ns 


first 


AlmEL 
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tDF 


CC 
tOH 


Notes: 
I. Timing measurement references are 0.8 V and 


2.0 V. Input AC driving levels are 0.45 V and 
2.4 V, unless otherwise specified. 


2. tDFis specified from OE or CE, whichever oc- 
curs first. Output float is defmed as the point 
when data is no longer driven. 


3. OE may be delayed up to teE-toEafter the fall- 


ing edge of CE without impact on teE. 


4. OE may be delayed up to tACe-toEafter the ad- 


dress is valid without impact on tACC. 


5. This parameter is only sampled and is not 100% 


tested. 


HIGH 
Z 
OUTPUT 
VALID 


2.4V 


DR~V~NG< 
LEVELS 
O.4SV 


tR,tF< 20ns (10% to 90%) 


2.0 
AC 


MEASUREMENT 
0.8 
LEVEL 


Output Test Load 


1.3V 


~ 


(1N914) 


3.3K 
OUTPUT 


PIN 
CL 
T 
Note: CL = 100 pF including 


'\J 
jig capacitance. 


Input Test Waveforms 
and Measurement 
Levels 


Typ 
Max 
Units 
Conditions 


CIN 
4 
6 
pF 
VIN = 0 V 


CoUT 
8 
12 
pF 
VoUT= 
0 V 


VIH 


DATA 
Vil 


VPP 
13.0V 


5.0V 


6.5V 
VCC 
5.0V 


CE 
VlH 


Vil 


oE 
VIH 


Vll 


4·6 


Notes: 
1. The Input Timing Reference is 0.8 V for Va and 


2.0 V for VtH. 
2. toE and tDFPare characteristics of the device but 
must be accommodated by the programmer. 


3. When programming the AT27C256R a O.I-vl' 
capacitor is required across Vpp and ground to 
suppress spurious voltage transients. 


D.C. Programming 
Characteristics 


TA = 25 ± 5°C, Vcc = 6.5 ± 0.25 V, Vpp = 13.0 ± 0.25 V 


Sym- 
Test 
Limits 


bol 
Parameter 
Conditions 
Min 
Max 
Units 


III 
Input Load Current 
VIN=Vll,VIH 
10 
f1A 


VIL 
Input Low Level 
(All Inputs) 
-0.6 
0.8 
V 


VIH 
Input High Level 
2.0 
Vcc.l 
V 


VOL 
Output 
Low Voh. 
IOL=2.1mA 
.45 
V 


VOH 
Output 
High Voh. 
IOH=-400 
2.4 
V 
iA" 


ICC2 
Vcc Supply 
Current 
25 
mA 
(Program 
and Ver~y) 


IpP2 
VppCurrent 
CE=VIL 
25 
mA 


A9 Product 
VIO 
Identification 
11.5 
12.5 
V 
Vo~age 


A.C. Programming 
Characteristics 


TA = 25 ± 5°C, Vcc = 6.5 ± 0.25 V, Vpp = 13.0 ± 0.25 V 


Test 
Sym- 
Conditions' 
Limits 


bol 
Parameter 
(see Note 1) 
Min 
Max Units 


lAs 
Address 
Setup Time 
2 
J.IS 


tOES 
OE Setup Time 
2 
l!S 


tos 
Data Setup Time 
2 
l!s 


lAH 
Address 
Hold Time 
0 
J.IS 


tOH 
Data Hold Time 
2 
l!S 


tOFP 
OE High to Out- 
(Note 2) 
0 
130 
ns 
put Float Delay 


tvps 
Vpp Setup Time 
2 
l!S 


tves 
Vcc Setup Time 
2 
l!s 


tpw 
CE 
Program 
(Note 3) 
95 
105 
J.IS 
Pulse Width 


tOE 
Data 
(Note 2) 
150 
Valid from OE 
ns 


*A.C. Conditions of Test: 
Input Rise and Fall Times (10% to 90%) 
20 ns 
Input Pulse Levels 
0.45 V to 2.4 V 
Input Timing Reference Level 
0.8 V to 2.0 V 
Output Timing Reference Level 
0.8 V to 2.0 V 


Notes: 


1. 
Vcc must be applied simultaneously or before Vpp and removed si- 
multaneously or after Vpp. 


2. 
This parameter is only sampled and is not 100% tested. 
Output Float is defmed asthe point where data is no longer 
driven - 
seetiming diagram. 
3. 
Program Pulse width tolerance is 100 ~ec ± 5%. 


Atmel's 27C256R Integrated 
Product Identification 
Code 


Pins 
Hex 


Codes 
AO 07 
06 
05 
04 
03 
02 
01 
00 
Data 


Manufacturer 
0 
0 
0 
0 
1 
1 
1 
1 
0 
1E 


Device Type 
1 
1 
0 
0 
0 
1 
1 
0 
0 
8C 


Rapid Programming 
Algorithm 


A 100 llS CE pulse width is used to program. The address is set • 
to the first location. Vcc is raised to 6.5 V and Vpp is raised to 
13.0 V. Each address is fust programmed 
with one 100 llS CE 


pulse without verification. 
Then a verification/reprogramming 


loop is executed 
for each address. In the event a byte fails to 
pass verification, up to 10 successive 
100 llS pulses are applied 
with a verification 
after each pulse. If the byte fails to verify 
after 10 pulses have been applied, the part is considered 
failed. 


After the byte verifies properly, 
the next address 
is selected 
until all have been checked. Vpp is then lowered to 5.0 V and 
Vcc to 5.0 V. All bytes are read again and compared with the 
original data to determine if the device passes or fails. 
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tAcc 
Icc(mA) 
Ordering Code 
Package 
Operation 
Range 
(ns) 
Active 
Standby 


70 
20 
0.1 
AT27C256R-70DC 
28DW6 
Commercial 


AT27C256R-70KC 
32KW 
(O°C to 70°C) 


AT27C256R-70LC 
32LW 


70 
25 
0.2 
AT27C256R-70DI 
28DW6 
Industrial 


AT27C256R-70KI 
32KW 
(-40°C to 85°C) 


AT27C256R-70Ll 
32LW 


90 
20 
0.1 
AT27C256R-90DC 
28DW6 
Commercial 


AT27C256R-90JC 
32J 
(O°C to 70°C) 


AT27C256R-90KC 
32KW 
AT27C256R-90LC 
32LW 
AT27C256R-90PC 
28P6 
AT27C256R-90RC 
28R 


90 
25 
0.2 
AT27C256R-90DI 
28DW6 
Industrial 


f 
AT27C256R-90JI 
32J 
(-40°C to 85°C) 


AT27C256R-90KI 
32KW 
AT27C256R-90Ll 
32LW 
AT27C256R-90PI 
28P6 
AT27C256R-90R 
I 
28R 


AT27C256R-90DM 
28DW6 
Military 


AT27C256R-90KM 
32KW 
(-55°C to 125°C) 


AT27C256R-90LM 
32LW 


AT27C256R-90DM:883 
28DW6 
Military/883C 


AT27C256R-90KM/883 
32KW 
Class S, FUlly Compliant 


AT27C256R-90LM/883 
32LW 
(-55°C to 125°C) 


120 
20 
0.1 
AT27C256R-12DC 
28DW6 
Commercial 


AT27C256R-12JC 
32J 
(O°C to 70°C) 


AT27C256R-12KC 
32KW 
AT27C256R-12LC 
32LW 
AT27C256R-12PC 
28P6 
AT27C256R-12RC 
28R 


120 
25 
0.2 
AT27C256R-12DI 
28DW6 
Industrial 


AT27C256R-12JI 
32J 
(-40°C to 85°C) 


AT27C256R-12KI 
32KW 
AT27C256R-12L1 
32LW 
AT27C256R-12PI 
28P6 
AT27C256R-12RI 
28R 


AT27C256R-12DM 
28DW6 
Military 


AT27C256R-12KM 
32KW 
(-55°C to 125°C) 


AT27C256R-12LM 
32LW 


AT27C256R-12DM/883 
28DW6 
Military/883C 


AT27C256R-12KM/883 
32KW 
Class S, Fully Compliant 


AT27C256R-12LM/883 
32LW 
(-55°C to 125°C) 


150 
20 
0.1 
AT27C256R-15DC 
28DW6 
Commercial 


AT27C256R-15JC 
32J 
(O°C to 70°C) 


AT27C256R-15KC 
32KW 
AT27C256R-15LC 
32LW 
AT27C256R-15PC 
28P6 
AT27C256R-15RC 
28R 


lAce 
Icc(mA) 


Ordering Code 
Package 
Operation Range 
(ns) 
Active 
Standby 


150 
25 
0.2 
AT27C256R-15DI 
28DW6 
Industrial 


AT27C256R-15JI 
32J 
(-40°C to 85°C) 


AT27C256R-15KI 
32KW 
AT27C256R-15L1 
32LW 
AT27C256R-15PI 
28P6 
AT27C256R-15RI 
28R 


AT27C256R-15DM 
28DW6 
Military 


AT27C256R-15KM 
32KW 
(-55°C to 125°C) 


AT27C256R-15LM 
32LW 


AT27C256R-15DM/883 
28DW6 
Military1883C 


AT27C256R-15KM/883 
32KW 
Class B, Fully Compliant 


AT27C256R-15LM/883 
32LW 
(-55°C to 125°C) 


200 
20 
0.1 
AT27C256R-20DC 
28DW6 
Commercial 


AT27C256R-20JC 
32J 
(O°C to 70°C) 


AT27C256R-20KC 
32KW 
AT27C256R-20LC 
32LW 
AT27C256R-20PC 
28P6 
AT27C256R-20RC 
28R 


200 
25 
0.2 
AT27C256R-20DI 
28DW6 
Industrial 


AT27C256R-20JI 
32J 
(-40°C to 85°C) 


AT27C256R-20KI 
32KW 
AT27C256R-20Ll 
32LW 
AT27C256R-20PI 
28P6 
AT27C256R-20RI 
28R 


AT27C256R-20DM 
28DW6 
Military 


AT27C256R-20KM 
32KW 
(-55°C to 125°C) 


AT27C256R-20LM 
32LW 


AT27C256R-20DM/883 
28DW6 
Military1883C 


AT27C256R-20KM/883 
32KW 
Class B, Fully Compliant 


AT27C256R-20LM/883 
32LW 
(-55°C to 125°C) 


250 
20 
0.1 
AT27C256R-25DC 
28DW6 
Commercial 


AT27C256R-25JC 
32J 
(O°C to 70°C) 


AT27C256R-25KC 
32KW 
AT27C256R-25LC 
32LW 
AT27C256R-25PC 
28P6 
AT27C256R-25RC 
28R 


250 
25 
0.2 
AT27C256R-25DI 
28DW6 
Industrial 


AT27C256R-25JI 
32J 
(-40°C to 85°C) 


AT27C256R-25KI 
32KW 
AT27C256R-25L1 
32LW 
AT27C256R-25PI 
28P6 
AT27C256R-25RI 
28R 


AT27C256R-25DM 
28DW6 
Military 


AT27C256R-25KM 
32KW 
(-55°C to 125°C) 


AT27C256R-25LM 
32LW 


AT27C256R-25DM/883 
28DW6 
Militaryl883C 


AT27C256R-25KM/883 
32KW 
Class B, Fully Compliant 


AT27C256R-25LM/883 
32LW 
(-55°C to 125°C) 
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IAcc 
Icc(mA) 
Ordering Code 
Package 
Operation 
Range 
(ns) 
Active 
Standby 


90 
25 
0.2 
5962-86063 
07 XX 
28DW6 
Military/883C 


5962-86063 
07 YX 
32LW 
Class S, Fully Compliant 


5962-86063 
07 ZX 
32KW 
(-55°C to 125°C) 


120 
25 
0.2 
5962-86063 
06 XX 
28DW6 
Military/883C 


5962-86063 
06 YX 
32LW 
Class S, Fully Compliant 


5962-86063 
06 ZX 
32KW 
(-55°C to 125°C) 


150 
25 
0.2 
5962-86063 
05 XX 
28DW6 
Military/883C 


5962-86063 
05 YX 
32LW 
Class S, Fully Compliant 


5962-86063 
05 ZX 
32KW 
(-55°C to 125°C) 


170 
25 
0.2 
5962-86063 
04 XX 
28DW6 
Military/883C 


5962-86063 
04 YX 
32LW 
Class S, Fully Compliant 


5962-86063 
04 ZX 
32KW 
(-55°C to 125°C) 


200 
25 
0.2 
5962-86063 
01 XX 
28DW6 
Military/883C 


5962-86063 
01 YX 
32LW 
Class S, Fully Compliant 


5962-86063 
01 ZX 
32KW 
(-55°C to 125°C) 


250 
25 
0.2 
5962-86063 
02 XX 
28DW6 
Military/883C 


5962-86063 
02 YX 
32LW 
Class S, Fully Compliant 


5962-86063 
02 ZX 
32KW 
(-55°C to 125°C) 


300 
25 
0.2 
5962-86063 
03 XX 
28DW6 
Military/883C 


5962-86063 
03 YX 
32LW 
Class S, Fully Compliant 


5962-86063 
03 ZX 
32KW 
(-55°C to 125°C) 


IAcc 
Icc(mA) 
Ordering Code 
Package 
Operation 
Range 
(ns) 
Active 
Standby 


90 
20 
0.1 
AT27C256R-90TC 
28T 
Commercial 
(O°C to 70°C) 


120 
20 
0.1 
AT27C256R-12TC 
28T 
Commercial 
(O°C to 70°C) 


150 
20 
0.1 
AT27C256R-15TC 
28T 
Commercial 
(O°C to 70°C) 


200 
20 
0.1 
AT27C256R-20TC 
28T 
Commercial 
(O°C to 70°C) 


250 
20 
0.1 
AT27C256R-25TC 
28T 
Commercial 
(O°C to 70°C) 


Package Type 


28DW6 
28 Lead, 0.600· Wide, Windowed, Ceramic Duallnline 
Package (Cerdip) 


32J 
32 Lead, Plastic J·Leaded Chip Carrier OTP (PLCC) 


32KW 
32 Lead, Windowed, Ceramic J·Leaded Chip Carrier (JLCC) 


32LW 
32 Pad, Windowed, Ceramic Leadless Chip Carrier (LCC) 


28P6 
28 Lead, 0.600· Wide, Plastic Dual Inline Package OTP (PDIP) 


28R 
28 Lead, 0.330· Wide, Plastic Gull Wing Small Outline OTP (SOIC) 


28T 
28 Lead, Plastic Thin Small Outline Package OTP (TSOP) 
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Features 


• 
Wide Power 
Supply 
Range, 3.0 VDC to 5.5 VDC 


• 
Compatible 
with JEDEC Standard 
AT27C256R 
• 
Low Power 3-Volt 
CMOS Operation 


100 iJA max. Standby 
26 mW max. Active 
at 1 MHz for Vcc = 3.3 VDC 


110 mW max. Active 
at 5 MHz for Vcc = 5.5 VDC 


• 
Read Access 
Time· 
200ns 


• 
Wide Selection 
of JEDEC Standard 
Packages 
Including 
OTP 


28-Lead, 
600-mll 
cerdlp 
and OTP Plastic 
DIP, SOIC, or TSOP 
32·Pad 
LCC, 32·Lead 
JLCC, and OTP PLCC 


• 
High Reliability 
CMOS Technology 
2000 V ESD Protection 
200 mA Latchup 
Immunity 


• 
Rapid Programming· 
100 IJ.S/byte (typical) 
• 
Two-line 
Control 
• 
CMOS and TTL Compatible 
Inputs 
and Outputs 


• 
Integrated 
Product 
Identification 
Code 
• 
Commercial 
and Industrial 
Temperature 
Ranges 


Description 


The AT27LV256R 
chip is a low power, low voltage 262,144 bit Ultraviolet 
Erasable and 


Electrically 
Programmable 
Read Only Memory (EPROM) organized as 32K x 8 bits. It re- 


quires only one supply in the range of 3.0 to 5.5 VDC in normal read mode operation, making 
it ideal for battery powered systems. 


With a typical power draw of only 18 mWat 
1 MHz and Vccat3.3 
VDC, the AT27LV256R 


will draw less than one-fifth the power of a standard 5-volt EPROM. 
Standby mode supply 


current is typically less than 10 J,JA. 


Pin Name 
Function 


AO-A14 
Addresses 
00-07 
Outputs 


CE 
Chip Enable 


OE 
Output Enable 


NC 
No Connect 


A7 vpp 
VCC 
A13 
A12 
NC 
A14 
4 
2 
32 
30 


A6 
5 
3 
1 
31 29 
As 


AS6 
28A9 


A4 
7 
27 
All 


A38 
26NC 
A29 
250E 


Al 
10 
24 
A10 
AO 
11 
23 
CE 


NC 
12 
22 
07 
00 
13 15 
17 19 21 
06 
14 
16 
18 
20 


02 
NC 04 
01 
GNQ 03 
05 


Note: PLCC Package 
Pins 1 and 
17 are DON'T 
CONNECT 


TSOP Top View 
Type 
1 
DE 
All 


A9 
AS 
A13 


VCCA14 


vpp 
A12 


A7 


A6 


A5 
A. 
A3 
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21 20 
19 18 
17 16 
15 ,. 
13 12 
11 10 
9 8 


Al0 
CE 
07 
06 


0405 
03 
GND02 
01 
AO 
00 
A2 
Al 


256K (32K X 8) 


Low Voltage 
• 
UV 
Erasable 
CMOS 
EPROM 


AlmEL 


Description 
(Continued) 


The AT27L V256R 
comes 
in a choice 
of industry 
standard 


JEDEC-approved 
through hole and surface mount packages in- 


cluding windowed 
and one time programmable 
(OTP) pack- 


ages, such as the OTP thin small outline package (TSOP). All 
devices feature two line control (CE, OE) to give designers the 
flexibility to prevent bus contention. 


The AT27LV256R 
operating 
with Vcc at 3.0 VDC produces 


TfL level outputs that are compatible 
with standard TfL logic 


devices operating at Vcc = 5.0 VDC. 


Atrnel's 27LV256R has additional features to ensure high qual- 
ity and efficient production use. The Rapid Programming 
Algo- 


rithm reduces the time required to program the part and guaran- 
tees reliable programming. 
Programming 
time is typically only 


100 j.lS/byte. The Integrated 
Product Identification 
Code elec- 


tronically identifies the device and manufacturer. 
This feature is 


used by industry standard programming 
equipment to select the 


proper 
programming 
algorithms 
and 
voltages. 
The 


AT27L V256R programs identically as an AT27C256R. 


Erasure Characteristics 


The entire memory array of the AT27L V256R is erased (all out- 
puts read as VOH) after exposure to ultraviolet light at a wave- 
length of 2537 A. Complete erasure is assured after a minimum 
of 20 minutes exposure using 12,000 lJ.W/cm2 intensity lamps 
spaced one inch away from the chip. Minimum erase time for 
lamps at other intensity ratings can be calculated from the min- 
imum integrated erasure dose of 15 W.sec/cm2. To prevent un- 
intentional erasure, an opaque label is recommended 
to cover 


the clear window on any UV erasable EPROM which will be 
subjected to continuous 
fluorescent indoor lighting or sunlight. 


Block Diagram 
vcc __ 
GND 
__ 
VPP-- 


Y-GATING 


CELL MATRIX 


IDENTIFICATION 


Temperature 
Under Bias 
-40oC to +85°C 


Storage Temperature 
-65°C to +1250C 


Voltage on Any Pin with 
Respect to Ground 
-2.0 V to +7.0 v(1) 


Voltage on A9 with 
Respect to Ground 
-2.0 V to +14.0 V(1) 


Vpp Supply Voltage with 
Respect to Ground 
-2.0 V to +14.0 v(1) 


Integrated UV Erase Dose 
7258 Wosec/cm2 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 


mwn Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Notes: 
1. Minimwn voltage is -0.6 V dc which may undershoot to -2.0 


V for pulses of less than 20 ns. Maximum output pin voltage 
is Vcr. + 0.75 V dc which may be exceeded if certain precau- 
tions are observed (consult application notes) and which may 
overshoot to +7.0 V for pulses of less than 20 ns. 


Mode \ Pin 
CE 
OE 
Ai 
Vpp 
Vcc 
Outputs 


Read 
VIL 
VIL 
Ai 
Vcc 
Vcc 
DOUT 


Output Disable 
VIL 
VIH 
X(1) 
Vcc 
Vcc 
HighZ 


Standby 
VIH 
X 
xeS) 
Vcc 
Vcc 
HighZ 


Rapid Program(2) 
VIL 
VIH 
Ai 
Vpp 
Vcc 
DIN 


PGM Verify(2) 
X 
VIL 
Ai 
Vpp 
Vcc (2) 
DOUT 


Optional PGM Verify(2) 
VIL 
VIL 
Ai 
Vcc 
Vcc (2) 
DOUT 


PGM Inhibit(2) 
VIH 
VIH 
X 
Vpp 
Vcc (2) 
HighZ 


Product 
A9=VH (3) 
Vcc (2) 
Identification 


Identification(2).(4) 
VIL 
VIL 
AO=VIH or VIL 
Vcc 
Code 
A1-A14=VIL 


Notes: 
1. X can be VtLor VIH. 
2. Refer to Programming characteristics. 
Programming 


modes require Vcr. > 4.5 V. 
3. VH=I2.0±0.5V. 
4. Two identifier bytes may be selected. All Ai inputs are 


held low (VIL),except A9 which is set to VHand AO 
which is toggled low (VIL)to select the Manufacturer's Ident- 
ification byte and high (Vrn) to select the Device Code byte. 


5. Standby Vcr. Current (IsD) is specified with VPFVcr.. Vcr. > 


Vppwill cause a slight increase in IsD. 


AT27LV256R 


-20 
-25 


Operating Temperature 
Com. 
OOC-70°C 
OOC-70°C 


(Case) 
Ind. 
-40°C - 85°C 
-40°C - 85°C 


Vcc Power Supply 
3.0 Vt05.5 
V 
3.0 Vto 5.5 V 


D.C. and Operating Characteristics 
for Read Operation 


(Vee = 3.0V to 5.5V unless otherwise specified) 


Symbol 
Parameter 
Condition 
Mln 
Max 
Units 


III 
Input Load Current 
VIN=-0.1 
VtoVcc+1 
V 
10 
j.iA 


ILO 
Output Leakage Current 
VOUT= -0.1 V to Vcc+0.1 
V 
10 
j.iA 


IpP1 (2) 
VPP (1) Read/Standby 
Current 
VPP = Vcc-0.7 
V to Vcc+0.3 
V 
10 
j.iA 


1581(CMOS), 
100 
j.iA 
158 
Vcc (1) Standby Current 
CE = Vcc-0.3 
to Vcc+1.0 
V 


1582(TTL), 
CE=2.0 to Vcc+ 1.0V 
1 
mA 


f = 5 MHz, lOUT= 0 mA, 
Com. 
20 
mA 


ICC1 
CE = VIL. Vcc = 5.5 V 
Ind. 
25 
mA 
Icc 
Vcc Active Current 
f = 1 MHz, lOUT= 0 mA 
Com. 
8 
mA 


ICC2 
CE = VIL. Vcc = 3.3 V 
Ind. 
10 
mA 


VIL 
Input Low Voltage 
-0.6 
0.8 
V 


VIH 
Input High Voltage 
2.0 
Vcc+0.75 
V 


VOL 
Output Low Voltage 
IOL= 2.1 mA 
.45 
V 


Output High Voltage 
IOH= -100 j.iA 
Vcc-0.3 
V 
VOH 


V 
IOH= -400 j.iA 
2.4 


Notes: 1. Va:. must be applied simultaneously or before Vpp, 
and removed simultaneously or after Vpp. 


2. Vpp may be connected directly to Vee, except during program- 


ming. The supply current would then be the sum of Ice and Ipp. 


AT27LV256R 


-20 
-25 


Symbol 
Parameter 
Condition 
Min 
Max 
Min 
Max 
Units 


tACC(3) 
CE= 
OE 
Com. 
200 
250 
ns 
Address to Output Delay 
= VIL 
Ind. 
200 
250 
ns 
tCE (2) 
CE to Output Delay 
OE = VIL 
200 
250 
ns 
tOE (2,3) 
OE to Output Delay 
CE = VIL 
70 
100 
ns 
tDF (4,5) 
OE High to Output Float 
CE = VIL 
50 
50 
ns 


tOH 
Output Hold from Address, CE or OE, 
CE = OE = VIL 
0 
0 
ns 
whichever 
occurred first 
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Notes: 
I. Timing measurement references are 0.8 V and 
2.0 V. Input AC driving levels are 0.45 V and 
2.4 V. See Input Test Waveforms and Measure- 
ment Levels. 
2. OE may be delayed up to teE-toEafter the fall- 


ing edge of CE without impact on teE. 


3. OE may be delayed up to tACC-toEafter the ad- 
dress is valid without impact on tACC. 


4. This parameter is only sampled and is not 100% 


tested. 


5. Output float is dermed as the point when data is 


no longer driven. 


tOF 


CC 
tOH 


HIGH Z 
OUTPUT 
VALID 


Output Test Load 


1.3V 
t 


(lN914l 


3.3K 


OUTPUT 


PIN 
CL 


~ 
Note: CL= 100 pF 
includingjig capacitance. 


2.4V 


AC < 
DRIVING 
LEVELS 
0.45V 


2.0 
AC 


MEASUREMENT 
0.8 
LEVEL 


Typ 
Max 
Units 
Conditions 


CIN 
4 
8 
pF 
VIN = OV 


COUT 
8 
12 
pF 
VOUT= 
0 V 


ADDRESS 
VIH 


V1L 


V1H 
DATA 
V1L 


VPP 
13.0V 


5.0V 


6.5V 
VCC 
5.0V 


CE 
V1H 


V1L 


OE 


VIH 


V1L 


4-16 


Notes: 
1. The Input Timing Reference is 0.8 V for VILand 


2.0 V for Vrn. 


2. toE and tOFPare characteristics of the device but 


must be accommodated by the programmer. 


3. When programming the AT27LV256R a O.I-Ilf' 


capacitor is required across Vpp and ground to 
suppress spurious voltage transients. 


D.C. Programming 
Characteristics 


TA. 25 ± 5°C. VCC= 6.5 ± 0.25 V. Vpp = 13.0 ± 0.25 V 


Sym- 
Test 
Limits 


bol 
Parameter 
Conditions 
Min 
Max Units 


III 
Input Load Current 
V,N.V,L.V,H 
10 
J.LA 


VIL 
Input Low Level 
(AllInputs) 
-0.6 
0.8 
V 


VIH 
Input High Level 
2.0 
Vcc+l 
V 


VOL 
Output Low Yon. 
IOL=2.1mA 
.45 
V 


VOH 
Output High Yon. 
IOH=-400IIA 
2.4 
V 


ICC2 
Vcc Supply Current 
25 
mA 
(Program 
and Verily) 


IpP2 
VppCurrent 
CE=V,L 
25 
mA 


A9 Product 
VIO 
Identification 
11.5 
12.5 
V 
Vonage 


A.C. Programming 
Characteristics 


TA= 25 ± 5°C, Vcc = 6.5 ± 0.25 V. Vpp = 13.0 ± 0.25 V 


Test 
Sym- 
Conditions" 
Limits 


bol 
Parameter 
(see Note 1) 
Min 
Max Units 


IAs 
Address Setup Time 
2 
lIS 


tOES 
OE Setup Time 
2 
lIS 


tos 
Data Setup Time 
2 
lIS 


tAH 
Address Hold Time 
0 
fLS 


tOH 
Data Hold Time 
2 
lIS 


tOFP 
OE High to Out- 
(Note2) 
0 
130 
ns 
put Float Delay 


tvps 
Vpp Setup Time 
2 
fLs 


tvcs 
Vcc Setup Time 
2 
fLs 


tpw 
CE Program 
(Note3) 
95 
105 
lIS 
Pulse Width 


tOE 
Data 
(Note2) 
150 
Valid from OE 
ns 


*A.C. Conditions of Test: 
Input Rise and Fall Times (10% to 90%) 
20 ns 
Input Pulse Levels 
0.45 V to 2.4 V 
Input Timing Reference Level 
0.8 V to 2.0 V 
Output Timing Reference Level 
0.8 V to 2.0 V 


Notes: 
I. 
Vcc must be applied simultaneously or before Vpp and removed 
simultaneously or after Vpp. 
2. 
This parameter is only sampled and is not 100%tested. 
Output Float is defmed as the point where data is no longer 
driven - 
see timing diagram. 


3. 
Program Pulse width tolerance is 100!!See±5%. 


Atmel's 27L V256R Integrate~ 
Product Identification 
Code( 


Pins 
Hex 


Codes 
AO 07 
06 
05 
04 
03 
02 
01 
00 
Data 


Manufacturer 
0 
0 
0 
0 
1 
1 
1 
1 
0 
1E 


Device Type 
1 
1 
0 
0 
0 
1 
1 
0 
0 
8C 


Note: 
1. The AT27L V256R has the same Product Identification 


Code as the AT27C256R. Both are programming 


compatible. 
• 


Rapid Programming 
Algorithm 
~ 


A 100 l!S CE pulse width is used to program. The address is set 
to the first location. Vcc is raised to 6.5 V and Vpp is raised to 
13.0 V. Each address is fITstprogrammed 
with one 100 l!S CE 
pulse without verification. 
Then a verification/reprogramming 


loop is executed for each address. In the event a byte fails to 
pass verification, up to 10 successive 
100 l!Spulses are applied 
with a verification 
after each pulse. If the byte fails to verify 
after 10 pulses have been applied, the part is considered failed. 
Mter 
the byte verifies properly. 
the next address 
is selected 


until all have been checked. Vpp is then lowered to 5.0 V and 
Vcc to 5.0 V. All bytes are read again and compared with the 
original data to determine if the device passes or fails. 


AlmEL 


AlmEL 


NORMALIZED 
SUPPLY CURRENT 
YS. FREQUENCY 


Temp = 25'C, lOUT = 0, CE = VIL 


N 
o 
r 
m 
3.5 
a 
I 
j 
z 
e 
d 


VCC 
3.3 V 
- 
- 


VCC 
5.0V 
- 


NORMALIZED 
ACCES TIME 
YS. SUPPLY VOLTAGE 


Temp = 25'C 


12 
N 
0 
r 
m 
I.. 


a 
... 
I 


j 
... 
z 
e 
•.7 


d 


\\'\ 


"- 
..... 
•..•..•... - 


OUTPUT SOURCE CURRENT 
YS. OUTPUT VOLTAGE 


Temp = 25'C 


U 
15 
r 
r 
'2 
e 
n 
I 


NORMALIZED 
SUPPLY CURRENT 
YS. VOLTAGE 


Temp = 25'C, lOUT = 0, CE = VIL 


0 
3.S 


r 
3.• 


m 
a 
25 


I 
2.• 


j 


Z 
\.S 
e 
I.• 
d 


.5 
3.• 
3.S 
..• 
'.S 
S.• 
S.S 
... 


NORMALIZED 
SUPPLY CURRENT 
YS. TEMP. 


Frequency = 1 MHz, lOUT = 0 


2. 
N 
0 
2.' 
r 
m 
2.• 
a 
I 
1.' 
i 
z 
e 


\2 


d 


---- 


VCC ~5.0 V 
- 


VCC 
3.3V 


OUTPUT SINK CURRENT 
YS. OUTPUT VOLTAGE 


Temp = 25'C 


C =5.0 V 
u 
r 
30 


r 
e 
20 
n 
I 


Icc(mA) 
tACC 
VCC = 3.3 V 
Ordering Code 
Package 
Operation Range 


(ns) 
Active 
Standby 


200 
8 
0.1 
AT27L V256R-20DC 
28DW6 
Commercial 
AT27L V256R-20JC 
32J 
(O'C to 70'C) 
AT27L V256R-20KC 
32KW 
AT27LV256R-20LC 
32LW 
AT27L V256R-20PC 
28P6 
AT27L V256R-20RC 
28R 


200 
10 
0.1 
AT27LV256R-20DI 
28DW6 
Industrial 
AT27L V256R-20KI 
32KW 
(-40'C to 85'C) 


AT27L V256R-20Ll 
32LW 


250 
8 
0.1 
AT27L V256R-25DC 
28DW6 
Commercial 
AT27LV256R-25JC 
32J 
(O'C to 70'C) 
AT27L V256R-25KC 
32KW 
AT27L V256R-25LC 
32LW 
AT27L V256R-25PC 
28P6 
AT27LV256R-25RC 
28R 


250 
10 
0.1 
AT27LV256R-25DI 
28DW6 
Industrial 
AT27LV256R-25KI 
32KW 
(-40'C to 85'C) 


AT27L V256R-25L1 
32LW 
• 


ICC(mA) 


tACC 
Vcc = 3.3 V 
Ordering Code 
Package 
Operation Range 
(ns) 
Active 
Standby 


200 
8 
0.1 
AT27L V256R-20TC 
28T 
Commercial 
(0° to 70°C) 


250 
8 
0.1 
AT27L V256R-25TC 
28T 
Commercial 
(0° to 70°C) 


Package Type 


28DW6 
28 Lead, 0.600· Wide, Windowed, Ceramic Dual Inline Package (Cerdip) 


32J 
32 Lead, Plastic J-Leaded Chip Carrier OTP (PLCC) 


32KW 
32 Lead, Windowed, Ceramic J-Leaded Chip Carrier (JLCC) 


32LW 
32 Pad, Windowed, Ceramic Leadless Chip Carrier (LCC) 


28P6 
28 Lead, 0.600· Wide, Plastic Dual Inline Package OTP (PDIP) 


28R 
28 Lead, 0.330· Wide, Plastic Gull Wing Small Outline OTP (SOIC) 


28T 
28 Lead, Plastic Thin Small Outline Package OTP (TSOP) 
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Features 


• 
Bipolar Speed In JEDEC Standard EPROM Pinout 
Read Access Time - 55 ns 
28-Lead 600 mil CERDIP and OTP Plastic DIP 
32-Pad LCC and JLCC 
• 
Low Power CMOS Operation 
50 mA max. Active at 10 MHz 
• 
High Output Drive capability 
• 
High Rellabllty Latch-Up Resistant CMOS Technology 
• 
Rapid Programming 
·100 ~/byte (typical) 
• 
Two-line Control 
• 
CMOS and TTL Compatible 
Inputs and Outputs 
• 
Integrated Product Identification 
Code 
• 
Full Military, Industrial and Commercial 
Temperature 
Ranges 


Description 


The AT27HC256R 
is a high-speed, 
low-power 262,144 bit Ultraviolet Erasable and Electri- 
cally 
Programmable 
Read 
Only 
Memory 
(EPROM) 
organized 
as 32K x 8 bits. The 
AT27HC256R 
is suited for very high-speed 
applications, 
and requires only one 5 V power 
supply in normal read mode operation. 
Any byte can be accessed in less than 55 ns on the 
AT27HC256R, 
making this part ideal for high-performance 
systems. Power consumption 
is 
typically only 35 mA in Active Mode, and less than 15 mA in Standby Mode. 


Atrnel's high-speed CMOS technology provides optimum speed, lower power and high noise 
immunity. The high-speed CMOS process is an extension of Atrnel's high quality and highly 
manufacturable 
floating poly EPROM technology. 


Pin Name 
Function 


AO-A14 
Addresses 


CE 
Chip Enable 


OE 
Output Enable 


NC 
No Connect 


00-07 
Outputs 


256K (32K X 8) 
High Speed 
UV 
Erasable 
CMOS 
EPROM 


LCC,JLCC 
DIP 
Top View 
Top View 


A7 vpp vcc A,3 
A12 
NC 
A14 
VPP 
, 
28 
VCC 
• 
2 
32 
30 
A12 
2 
27 
A" 
A6 
5 
3 , 
31 29 
A8 
A7 
3 
26 
A'3 
A5 
6 
28 
A. 
A6 
• 
25 
A8 
A. 
7 
27 
All 
A5 
5 
2. 
A. 
A3 
8 
26 
NC 
A. 
6 
23 
All 
A2 • 
25 
BE 
A3 
7 
22 
BE 
A' 
'0 
2' 
A10 
A2 
8 
2' 
A,O 
AO 
11 
23 
CE 
A1 
• 
20 
CE 
NC 
'2 
22 
07 
AO 
'0 
,. 
07 
00 
13 
15 
17 
19 21 
06 
00 
11 
18 
06 


14 
16 
18 
20 
0' 
'2 
'7 
05 
02 
'3 
16 
04 
02 
NC 04 
GND 
,. 
'5 
03 
0' 
GND 03 
05 
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Description 
(Continued) 


The AT27HC256R 
comes 
in a choice 
of industry 
standard 
JEDEC-approved 
packages including: 28-pin DIP ceramic, 32- 
pad ceramic leadless chip carrier (LCe), 
and 32-lead ceramic 
(JLCC). The device features two-line control (CE, OE) to give 
designers the flexibility to prevent bus contention. 


With a storage capacity of 32K bytes, Atmel's 
27HC256R 
al- 
lows fmnware 
to be stored reliably and to be accessed at very 
high speeds. The AT27HC256R 
has exceptional 
output drive 
capability - 
source 4 mA and sink 16 mA per output. 


The AT27HC256R 
has additional features to ensure high-qual- 
ity and efficient production 
use. The Rapid programming 
algo- 
rithm reduces the time required to program the chip and guaran- 
tees reliable programming. 
The Integrated 
Product Identifica- 
tion Code electronically 
identifies the device and manufacturing 
origin. This feature is used by industry standard programming 
equipment 
to select the proper programming 
algorithms 
and 
voltages. 


Erasure Characteristics 


The entire memory array of the AT27HC256R is erased (all out- 
puts read as VOH) after exposure to ultraviolet light at a wave- 
length of 2537 A. Complete erasure is assured after a minimum 
of 20 minutes exposure using 12,000 /iW/cm2 intensity lamps 
spaced one inch away from the chip. Minimum erase time for 
lamps at other intensity ratings can be calculated from the min- 
imum integrated erasure dose of 15 W.sec/cm2. To prevent un- 
intentional erasure, an opaque label is recommended 
to cover 
the clear window on any UV erasable EPROM which will be 
subjected to continuous fluorescent indoor lighting or sunlight. 


Block Diagram 


vcc--+ 
GND--+ 
VPP--+ 


Y-GATING 


CELL MATRIX 


IDENTIFICATION 


Temperature 
Under Bias 
-SSoC to +12SoC 


Storage Temperature 
-6SoC to +1S0oC 


Voltage on Any Pin with 
Respect to Ground 
-2.0 V to +7.0 v(1) 


Vo~age on A9 with 
Respect to Ground 
-2.0 V to +14.0 V(1) 


Vpp Supply Voltage with 
Respect to Ground 
-2.0 V to +14.0 v(1) 


Integrated UV Erase Dose 
72S8 W'sec!cm2 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Notes: 
1. Minimum voltage is -0.6 V dc which may undershoot to -2.0 V 
for pulses of less than 20 ns. Maximum output pin voltage is 
Vcc +0.75 V dc which may overshoot to +7.0 V for pulses of 
less than 20 ns. 


Mode \ Pin 
CE 
OE 
Ai 
Vpp 
Vcc 
Outputs 


Read 
VIL 
VIL 
Ai 
Vcc 
Vcc 
DOUT 


Output Disable 
VIL 
VIH 
X(1) 
Vcc 
Vcc 
HighZ 


Standby 
VIH 
X 
X 
Vcc 
Vcc 
HighZ 


Rapid Program(2) 
VIL 
VIH 
Ai 
Vpp 
Vcc 
DIN 


PGM Verify(2) 
X 
VIL 
Ai 
Vpp 
Vcc 
DOUT 


Optional PGM Verify(2) 
VIL 
VIL 
Ai 
Vcc 
Vcc 
DOUT 


PGM Inhibit(2) 
VIH 
VIH 
X 
Vpp 
Vcc 
HighZ 


Product Identification(4) 
A9 = VH (3) 
Identification 
VIL 
VIL 
AO = VIH or VIL 
Vcc 
Vcc 
Code 
A1-A14 = VIL 


Notes: 
1. X can be VIL or VllI. 
2. Refer to Programming characteristics. 
3. VH = 12.0 ± 0.5 V. 


4. Two identifier bytes may be selected. All Ai inputs are held 


low (VIL). except A9 which is set to VH and AOwhich is tog- 
gled low (VIL) to select the Manufacturer's 
Identification byte 


and high (VIH) to select the Device Code byte. 


AT27HC256R 


-55 
-70 


Operating 
Com. 
OOC-70°C 
OOC-70°C 


Temperature 
Ind. 
-40°C - 85°C 
-40°C - 85°C 
(Case) 
Mil. 
-55°C - 125°C 


Vcc Power Supply 
5V± 10% 
5V± 
10% • 
Symbol 
Parameter 
Condition 
Mln 
Max 
Units 


III 
Input Load Current 
VIN = -0.1 Vto Vcc + 1 V 
10 
J.1A 


ILO 
Output Leakage Current 
VOUT= -0.1 Vto Vcc + 0.1 V 
10 
J.1A 


Ipp (2) 
Vpp (1) Read/Standby 
Current 
Vpp = 3.8 to Vcc+0.3 
V 
20 
J.1A 


ISB1(CMOS) 
30 
mA 


ISB 
Vcc (1) Standby Current 
CE = Vcc-0.3 to Vcc+ 1.0 V 


ISB2(TIL) 
35 
mA 
CE = 2.0 to Vcc+1.0 
V 


Icc 
Vcc Active Current 
f = 10 MHz, IOUT= 0 mA, 
Com. 
50 
mA 
CE = VIL 
Ind.,Mil. 
55 
mA 


VIL 
Input Low Voltage 
-0.6 
0.8 
V 


VIH 
Input High Voltage 
2.0 
Vcc+0.75 
V 


VOL 
Output Low Voltage 
Im= 
16 mA 
.45 
V 


IOH= -100 J.1A 
Vcc-0.3 
V 


VOH 
Output High Voltage 
IOH= -2.5 mA 
3.5 
V 


IOH= -4.0 mA 
2.4 
V 


Vpp 
Vpp Read Voltage 
Vcc= 
5±0.5 
V 
3.8 
Vcc+0.3 
V 


Notes: 1. Vcc must be applied simultaneously or before Vpp, 
and removed simultaneously or after Vpp. 


2. Vpp may be connected directly to V cc, except during program- 
ming. The supply current would then be the sum of Ice and !pp. 


AT27HC256R 


-55 
-70 


Symbol 
Parameter 
Condition 
Min 
Max 
Min 
Max 
Units 


tACC (4) 
Address to Output Delay 
CE = OE 
Com.,lnd. 
55 
70 
ns 
= VIL 
Mil. 
70 
ns 
tCE (3) 
CE to Output Delay 
OE = VIL 
55 
70 
ns 
tOE (3,4) 
OE to Output Delay 
CE = VIL 
25 
30 
ns 
tOF (2,5) 
OE or CE High to Output Float 
CE = VIL 
25 
30 
ns 


tOH 
Output Hold from Address, CE or 
CE = OE 
0 
0 
OE, whichever 
occurred first 
= VIL 
ns 
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Input Test Waveforms 
and Measurement 
Levels 


3.QV 


AC < 
DRIVING 
LEVELS 
Q.QV 


tR,tF< 5 ns (10% to 90%) 


AC 
MEASUREMENT 
LEVEL 


Notes: 
1. Timing measurement reference is 1.5 V. Input 


AC driving levels are 0.0 V and 3.0 V, unless 
otherwise specified. 
CL= 30 pF, add 10 ns for CL = 100 pF. 


2. tOFis specified from OE or CE, whichever oc- 
curs first. tOFis measured at VOH-0.5V or 
VOL+0.5 V with CL= 5 pF. 


3. OE may be delayed up to teE-toE after the falling 
edge of CE without impact on teE. 


4. OE may be delayed up to tACe-toEafter the ad- 
dress is valid without impact on tACC. 


5. This parameter is only sampled and is not 100% 


tested. 


Output Test Load 


5.0V 


2501lUTPUT 
PIN 


167 
~CL 
Note: CL= 30 pF including jig 
capacitance. 


Typ 
Max 
Units 
Conditions 


CIN 
I 
4 
6 
pF 
VIN = 0 V 


COUT 
I 
8 
12 
pF 
VOUT= 
0 V 


VIH 
DATA 
VIL 


vpp 
13.0V 


5.0V 


6.5V 
VCC 


5.0V 


CE 


VIH 


VIL 


OE 


VIH 


VIL 


4-24 


Notes: 
1. Timing measurement reference is 1.5 V. Input 


AC driving levels are 0.0 V and 3.0 V, unless 
otherwise specified. 


2. toE and tOFPare characteristics of the device but 


must be accommodated by the programmer. 


3. When programming the AT27HC256R a 0.1-l'f' 
capacitor is required across Vpp and ground to 
suppress spurious voltage transients. 


D.C. Programming Characteristics 


TA = 25 ± 5°C, Vcc = 6.5 ± 0.25 v, Vpp = 13.0± 
0.25 v 


Sym- 
Test 
Llmhs 
001 
Parameter 
Condhlons 
Min 
Max Unhs 


III 
Input Load Current 
VIN= VIL.VIH 
10 
~ 


VIL 
Input Low Level 
(Allinpuls) 
-0.6 
0.8 
V 


VIH 
Input High Level 
2.0 
Vcc+1 
V 


VOL 
Output 
Low Vo~. 
IOL= 16mA 
.45 
V 


VOH 
Output 
High Vo~. 
IOH=-4.0mA 
2.4 
V 


ICC2 
Vcc Supply Current 
60 
mA 
(Program 
and Verify) 


IpP2 
Vpp Supply 
CE = VIL 
30 
mA 
Current 


A9 Product 


VIO 
Identification 
11.5 
12.5 
V 
Vo~age 


A.C. Programming Characteristics 


TA = 25 ± 5°C, Vcc = 6.5 ± 0.25 V, Vpp = 13.0 ± 0.25 V 


Test 
Sym- 
Condhlons* 
L1mhs 


bol 
Parameter 
(see Note 1) 
Min 
Max Units 


tAS 
Address 
Setup 
2 
I!S 
Time 


tOES 
OE Setup Time 
2 
I!S 


tos 
Data Setup Time 
2 
I!S 


Address 
Hold 
= 


IAH 
Time 
0 
I!S 


tOH 
Data Hold Time 
2 
I!S 


tOFP 
OE High to Out- 
(Note 2) 
0 
130 
ns 
put Float Delay 


tvps 
Vpp Setup Time 
2 
I!S 


tvcs 
Vcc Setup Time 
2 
I!s 


tpw 
CE Program 
(Note 3) 
95 
105 
I!s 
Pulse Width 


tOE 
Data Valid from OE 
150 
ns 


• A.C. Conditions of Test 
Input Rise and Fall Times (10% to 90%) 
5 ns 
Input Pulse Levels 
0.0 V to 3.0 V 


Input Timing Reference Level 
1.5 V 


Output Timing Reference Level 
1.5 V 


Notes: 


1. Vcc must be applied simultaneously or before Vpp and re- 
moved simultaneously or after Vpp. 
2. This parameter is only sampled and is not 100% tested. 
Output Float is defined as the point where data is no longer 
driven - 
see timing diagram. 


3. Program Pulse width tolerance is 100 ~ 
±5%. 


Atmel's 27HC256R Integrated 
Product Identification Code 


Pins 
Hex 


Codes 
AO 
07 
06 
05 
04 
03 
02 
01 
00 
Data 


Manufacturer 
0 
0 
0 
0 
1 
1 
1 
1 
0 
1E 


Device Type 
1 
1 
0 
0 
1 
0 
1 
0 
0 
94 


Rapid Programming Algorithm 


A 100 J.IS CE pulse width is used to program. The address is set • 
to the ftrst location. Vcc is raised to 6.5 V and Vpp is raised to 
13.0 V. Each address is ftrst programmed 
with one 100 J.IS CE 


pulse without veriftcation. 
Then a veriftcation/reprogramming 


loop is executed for each address. In the event a byte fails to 
pass veriftcation, up to 10 successive 
100 J.IS pulses are applied 


with a veriftcation 
after each pulse. If the byte fails to verify 


after 10 pulses have been applied, the part is considered failed. 
After the byte verifies properly, 
the next address 
is selected 


until all have been checked. Vpp is then lowered to 5.0 V and 
Vcc to 5.0 V. All bytes are read again and compared with the 
original data to determine if the device passes or fails. 
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lAce 
Icc(mA) 
Ordering Code 
Package 
Operation 
Range 
(ns) 
Active 
Standby 


55 
50 
30 
AT27HC256R-55DC 
28DW6 
Commercial 


AT27HC256R-55KC 
32KW 
(OOCto 70°C) 


AT27HC256R-55LC 
32LW 


55 
55 
30 
AT27HC256R-55DI 
28DW6 
Industrial 


AT27HC256R-55KI 
32KW 
(-40°C to 85°C) 


AT27HC256R-55L1 
32LW 


70 
50 
30 
AT27HC256R-70DC 
28DW6 
Commercial 


AT27HC256R-70KC 
32KIft! 
I 
AT27HC256R-70LC 
32LW 


70 
55 
30 
AT27HC256R-70DI 
28DW6 
Industrial 


AT27HC256R-70KI 
32KW 
AT27HC256R-70Ll 
32LW 


AT27HC256R-70 
DM 
28DW6 
Military 


AT27HC256R-70LM 
32LW 
(-55°C to 125°C) 


AT27HC256R-70 
DM/883 
28DW6 
Military/883C 


AT27HC256R-70LM/883 
32LW 
Class B, Fully Compliant 


(-55°C to 125°C) 


70 
55 
30 
5962-86063 
08 XX 
28DW6 
Military/883C 


5962-86063 
08 YX 
32LW 
Class B, Fully Compliant 


(-55°C to 125°C) 


lAce 
Icc(mA) 
Ordering Code 
Package 
Operation Range 
(ns) 
Active 
Standby 


70 
55 
30 
AT27HC256R-70KM 
32KW 
Military 


(-55°C to 125°C) 


AT27HC256R-70KM 
32KW 
Military/883C 


Class B, Fully Compliant 


(-55°C to 125°C) 


70 
55 
30 
5962-86063 
08 ZX 
32KW 
Military/883C 


Class B, Fully Compliant 


(-55°C to 125°C) 


Package 
Type 


28DW6 
28 Lead, 0.600· Wide, Windowed, Ceramic Duallnline 
Package (Cerdip) 


32KW 
32 Lead, Windowed, Ceramic J-Leaded Chip Carrier (JLCC) 


32LW 
32 Pad, Windowed, Ceramic Leadless Chip Carrier (LCC) 


Features 


• 
Fast Read Access Time - 90 ns 


• 
Low Power CMOS Operation 


100 llA max. Standby 
20 mA max. Active at 5 MHz 


• 
Wide Selection of JEDEC Standard Packages 
28-Lead 6Oo-mll cerdlp and OTP Plastic DIP, SOIC, or TSOP 
32-Pad LCC, 32-Lead JLCC and OTP PLCC 


• 
5 V ± 10% Supply 


• 
High Reliability CMOS Technology 
2000 
V ESD Protection 


200 mA Latchup Immunity 


• 
Rapid Programming 
-100 
lJ.S/byte(typical) 


• 
Two-line Control 


• 
CMOS and TTL Compatible 
Inputs and Outputs 


• 
Integrated Product Identification 
Code 


• 
Military, Commercial 
and Industrial Temperature 
Ranges 


Description 


The AT27C512R 
chip is a low-power, 
high performance 
524,288 bit Ultraviolet 
Erasable 


and Electrically Programmable 
Read Only Memory (EPROM) organized 64K x 8.H requires 
only one 5 V power supply in normal read mode operation. Any byte can be accessed in less 
than 90 ns, eliminating the need for speed reducing WAIT states on high performance micro- 
processor systems. 


Atmel's 
scaled CMOS technology 
provides high speed, lower active power consumption, 
and significantly 
faster programming. 
Power consumption 
is typically only 8 mA in Active 


Mode and less than 10 lJ.A in Standby. 


Pin Name 
Function 


AO-A15 
Addresses 


00-07 
Outputs 


CE 
Chip Enable 


OE IVpp 
Output Enable 


NC 
No Connect 


VCC 
AI' 
A13 
A8 
A9 
A11 
OE/VPP 
Al0 
CE 
07 
06 
05 
04 
03 


LCC, JLCC, 
PLCC Top 


A7 A15 vcc 
A13 
A12 NC 
A14 


4 
2 
32 
30 
A£5313129A9 
AS6 
28A9 
A4 
7 
27 
A11 
A38 
26NC 
A2 
9 
25 
OENPP 


A1 
10 
2' 
A10 


AO 
11 
23 
CE 
NC 
12 
22 
07 


00 
13 
15 
17 
19 
21 
06 
14 
16 
18 
20 


02 
NC 04 
01 
GND 03 
05 


TSOP Top View 
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A9 
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Al 


512K (64K X 8) 
UV 
Erasable 
CMOS 
EPROM • 


AlmEL 


Description 
(Continued) 


The 
AT27C512R 
comes 
in a choice 
of industry 
standard 
JEDEC-approved 
packages 
including; 
28-pin windowed 
cer- 
amic DIP, 28-pin one time programmable 
(OlP) 
plastic DIP, 
28-pin OTP gull-wing small outline IC (SOlC), 28-pin OlP thin 
small outline package (TSOP), 32-pad windowed ceramic lead- 
less chip carrier (LCC), 32-lead windowed J-leaded chip carrier 
(JLCC), and 32-lead OlP plastic J-leaded chip carrier (pLCC). 
All devices feature two line control (CE, OE) to give designers 
the flexibility to prevent bus contention. 


With high density 64K byte storage capability, the AT27C512R 
allows fmnware 
to be stored reliably and to be accessed by the 
system without the delays of mass storage media. 


Atrnel's 27C512R has additional features to ensure high quality 
and efficient 
production 
use. The Rapid Programming 
Algo- 
rithm reduces the time required to program the part and guaran- 
tees reliable programming. 
Programming 
time is typically only 
I()() jlS/byte. The Integrated 
Product Identification 
Code elec- 
tronically identifies the device and manufacturer. This feature is 
used by industry standard programming 
equipment to select the 
proper programming 
algorithms and voltages. 


Erasure Characteristics 


The entire memory array of the AT27C512R 
is erased (all out- 
puts read as VOH) after exposure to ultraviolet light at a wave- 
length of 2537A. Complete erasure is assured after a minimum 
of 20 minutes exposure using 12,000 v.W/cm2 intensity lamps 
spaced one inch away from the chip. Minimum erase time for 
lamps at other intensity ratings can be calculated from the min- 
imum integrated erasure dose of 15 W.sec/cm2. To prevent un- 
intentional erasure, an opaque label is recommended 
to cover 
the clear window on any UV erasable EPROM which will be 
subjected to continuous 
fluorescent indoor lighting or sunlight. 


Block Diagram 


vcc_ 
GND- 


OENPP 


CE 


Ao-A15 
[ 
ADDRESS 
INPUTS 
CEll 
MATRIX 


DENTIFICATION 


Temperature 
Under Bias 
-550C to +125°C 


Storage Temperature 
-650C to +150oC 


Voltage on Any Pin with 
Respect to Ground 
-2.0 V to +7.0 V(1) 


Voltage on A9 with 
Respect to Ground 
-2.0 V to +14.0 V(1) 


Vpp Supply Voltage with 
Respect to Ground 
-2.0 V to +14.0 V(l) 


Integrated UV Erase Dose 
7258 W·sectcm2 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Notes: 
\. Minimum voltage is -0.6 V dc which may undershoot to -2.0 V 
for pulses of less than 20 ns. Maximum output pin voltage is 
Vcc-Hl.75 V dc which may overshoot to +7.0 V for pulses of 
less than 20 ns. 


Mode\Pln 
CE 
OElVpp 
Ai 
Vcc 
Outputs 


Read 
VIL 
VIL 
Ai 
Vcc 
Dour 


Output Disable 
VIL 
VIH 
x(1) 
Vcc 
HighZ 


Standby 
VIH 
X 
X 
Vcc 
HighZ 


Rapid Program(2) 
VIL 
Vpp 
Ai 
Vcc 
DIN 


PGM Verify 
VIL 
VIL 


, 


Ai 
Vcc 
Dour 


PGM Inhibit 
VIH 
Vpp 
X 
Vcc 
HighZ 


Product Identification(4) 
A9=VH (3) 
Identification 
VIL 
VIL 
AO=VIH or VIL 
Vcc 
Code 
A1-A15=VIL 


Notes: 
1. X can be VII.or Vrn. 
2. Refer to Programming characteristics. 
3. VH=12.0±0.5V. 


4. Two identifier bytes may be selected. All Ai inputs are held 
low (VIl), except A9 which is set to VH and AOwhich is tog- 
gled low (VIL)to select the Manufacturer's 
Identification byte 
and high (Vrn) to select the Device Code byte. 


AT27C512R 


-90 
·12 
·15 
·20 
·25 


Operating 
Com. 
OOC- 70°C 
OOC-70°C 
OOC-70°C 
OOC-70°C 
OOC-70°C 


Temperature 
Ind. 
-40°C - 85°C 
-40°C - 85°C 
-40°C - 85°C 
-40°C - 85°C 
-40°C - 85°C 
(Case) 
Mil. 
-55°C - 125°C 
-55°C - 125°C 
-55°C - 125°C 
-55°C - 125°C 
-55°C - 125°C 


Vcc Power Supply 
5 V± 10% 
5 V± 10% 
5 V± 10% 
5 V± 10% 
5V±10% 


Symbol 
Parameter 
Condition 
Mln 
Max 
Units 


III 
Input Load Current 
VIN = -0.1 V to Vcc+1 V 
10 
l!A 


ILO 
Output Leakage Current 
VOUT= -0.1 V to Vcc+0.1 
V 
10 
l!A 


\5Bl (CMOS) 
Com. 
100 
l!A 


I5B 
Vcc 
(1) Standby Current 
CE = Vcc-0.3 to Vcc+1.0 
V 
Ind.,Mil. 
200 
l!A 


I5B2 (TIL) 
Com. 
1 
mA 


CE = 2.0to 
Vcc+1.0 
V 
Ind.,MiI. 
2 
mA 


Icc 
Vcc Active Current 
f = 5 MHz,loUT = 0 mA, 
Com. 
20 
mA 


CE = VIL 
Ind.,MiI. 
25 
mA 


VIL 
Input Low Voltage 
-0.6 
0.8 
V 


VIH 
Input High Voltage 
2.0 
Vcc+0.75 
V 


VOL 
Output Low Voltage 
IOL= 2.1 mA 
.45 
V 


IOH= -100 l!A 
Vcc-0.3 
V 


VOH 
Output High Voltage 
IOH= -2.5 mA 
3.5 
V 


IOH= -400 l!A 
2.4 
V 


AT27C512R 


-90 
-12 
-15 
-20 
-25 


Symbol 
Parameter 
Condition 
Min 
Max 
Min 
Max 
Min 
Max 
Min 
Max 
Min 
Max 
Units 


tACC (4) 
Address to 
CE = OENpp 
90 
120 
150 
200 
250 
Output Delay 
=VIL 
ns 


tCE (3) 
CEto 
OENpp= VIL 
90 
120 
150 
200 
250 
Output Delay 
ns 


tOE (3,4) 
OENppto 
CE = VIL 
40 
50 
60 
75 
100 
ns 
Output Delay 


tOF (2,5) 
OENpporCE 
CE = VIL 
30 
30 
50 
55 
60 
High to Output Float 
ns 


Output Hold from 


CE=OENpp 
tOH 
Address, CE or 
0 
0 
0 
0 
0 
ns 
OENpp, whichever 
= VIL 
occurred first 


AlmlL 


• 


tDF 


CC 
tOH 


HIGH 
Z 
OUTPUT 
VALID 


Input Test Waveforms 
and Measurement 
Levels 


2.4V 


DR~V~NG< 
LEVELS 
0.45V 


tR, tF< 20ns (10% to 90%) 


2.0 
AC 


MEASUREMENT 
0.8 
LEVEL 


Notes: 
I. 
Timing 
measurement 
references 
are 0.8 V and 


2.0 V. 
Input AC driving 
levels 
are 0.45 V and 
2.4 V, unless 
otherwise 
specified. 


2. tDF is specified 
from OE IVpp or CE, whichever 


occurs 
ftrst. Output 
float is defined 
as the point 
when data is no longer 
driven. 


3. OEfVpp may be delayed 
up to leE-toE after the 


falling 
edge of CE without 
impact 
on leE. 


4. 
OE IV pp may be delayed 
up to tACe-toE after the 


address 
is valid 
without 
impact 
on tACC. 


5. 
This parameter 
is only sampled 
and is not 100% 


tested. 


Output Test Load 


1.3V 


~ 


(1N914) 


3.3K 


OUTPUT 
PIN 
T 
CL 
Note: CL = 100 pF including jig 


~ 
capacItance. 


Typ 
Max 
Units 
Conditions 


CIN 
4 
6 
pF 
VIN = 0 V 


COUT 
8 
12 
pF 
VOUT = 0 V 


ADDRESS 
VIH 


VIL 


VlH 
DATA 


VIL 


VCC 
6.5V 


5.0V 


13.0V 
OENPP 


VIL 


CE 
VlH 


VlL 


Notes: 
1. The Input Timing 
Reference 
is 0.8 V for VlL and 


2.0 V for Vrn. 


2. 
toE and tDFP are characteristics 
of the device 
but 
must be accommodated 
by the programmer. 


D.C. Programming Characteristics 


TA = 25 ± 5°C, Vcc = 6.5 ± 0.25V, OENpp 
= 13.0 ± 0.25V 


Sym- 
Test 
Limits 
bol 
Parameter 
Conditions 
Min 
Max 
Units 


III 
Input Load Current 
VIN=VIL,VIH 
10 
J!A 


VIL 
Input Low Level 
(All Inputs) 
-0.6 
0.8 
V 


¥IH 
Input High Level 
2.0 
Vcc.1 
V 


VOL 
Output 
Low Volt. 
IOL=2.1mA 
.45 
V 


¥OH 
Output 
High Volt. 
IOH=-400 IlA 
2.4 
V 


ICC2 
Vcc Supply 
Current 
25 
mA 
(Program 
and Verify) 


IpP2 
OENpp 
Current 
CE=VIL 
25 
mA 


A9 Product 


¥IO 
Identification 
11.5 
12.5 
V 


Voltage 


A.C. Programming Characteristics 


TA = 25 ± 5°C, Vcc = 6.5 ± 0.25V, OENpp 
= 13.0 ± 0.25V 


Test 
Sym- 
Conditions· 
Limits 


bol 
Parameter 
(see Note 1) 
Min 
Max Units 


tAS 
Address 
Setup Time 
2 
f!s 


tOES 
OENpp 
Setup Time 
2 
f!S 


tOEH 
OENpp 
Hold Time 
2 
f!s 


tos 
Data Setup Time 
2 
f!s 


tAH 
Address 
Hold Time 
0 
f!S 


tOH 
Data Hold Time 
2 
f!S 


tOFP 
CE High to Out- 
(Note 2) 
0 
130 
ns 
put Float Delay 


tvcs 
Vcc Setup Time 
2 
f!S 


tpw 
CE Program 
(Nole3) 
95 
105 
f!S 
Pulse Width 


tov 
Data Valid from 
(Note 2) 
1 
CE 
f!S 


tVR 
OENpp 
Recovery 
Time 
2 
f!S 


tPRT 
OENpp 
Pulse Rise 
50 
ns 
Time During 
Programming 


*A.C. Conditions of Test: 
Input Rise and Fall Times (10% to 90%) 
20 ns 
Input Pulse Levels 
0.45 V to 2.4 V 


Input Timing Reference Level 
0.8 V to 2.0 V 


Output Timing Reference Level 
0.8 V to 2.0 V 


Notes: 


I. 
Vcc must be applied simultaneously 
or before OEN pp 


and removed 
simultaneously 
or after OENpp. 


2. 
This parameter 
is only sampled 
and is not 100% tested. 
Output Float is defined 
as the point where data is no longer 


driven - 
see timing diagram. 


3. 
Program 
Pulse width tolerance 
is I00 ~ec 
± 5%. 


Atmel's 27C512R Integrated 
Product Identification Code 


Pins 
Hex 
Codes 
AO 07 
06 
05 
04 
03 
02 
01 
00 
Data 


Manufacturer 
0 
0 
0 
0 
1 
1 
1 
1 
0 
1E 


Device Type 
1 
0 
0 
0 
0 
1 
1 
0 
1 
00 


Rapid Programming Algorithm 


A 100 liS CE pulse width is used to program. The address is set _ 
to the fU'Stlocation. Vcc is raised to 6.5V and OE/Vpp is raised 
_ 
to 13.0 V. Each address is frrst programmed 
with one 100 liS CE 
pulse without verification. 
Then a verification/reprogramming 
loop is executed 
for each address. In the event a byte fails to 
pass verification, up to 10 successive 
100 liS pulses are applied 
with a verification 
after each pulse. If the byte fails to verify 
after 10 pulses have been applied, the part is considered failed. 
After the byte verifies properly, 
the next address 
is selected 
until all have been checked. OE/Vpp is then lowered to VIL and 
Vcc to 5.0 V. All bytes are read again and compared with the 
original data to determine if the device passes or fails. 


AlmlL 
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tAcc 
Icc(mA) 
Ordering Code 
Package 
Operation Range 
(ns) 
Active 
Standby 


90 
20 
0.1 
AT27C512R-90DC 
28DW6 
Commercial 


AT27C512R-90JC 
32J 
(O°C to 70°C) 


AT27C512R-90KC 
32KW 
AT27C512R-90LC 
32LW 
AT27C512R-90PC 
28P6 
AT27C512R-90RC 
28R 


90 
25 
0.2 
AT27C512R-90DI 
28DW6 
Industrial 


AT27C512R-90JI 
32J 
(-40°C to 85°C) 


AT27C512R-90KI 
32KW 
AT27C512R-90Ll 
32LW 
AT27C512R-90PI 
28P6 
AT27C512R-90R 
I 
28R 


AT27C512R-90DM 
28DW6 
Military 


AT27C512R-90KM 
32KW 
(-55°C to 125°C) 


AT27C512R-90LM 
32LW 


120 
20 
0.1 
AT27C512R-12DC 
28DW6 
Commercial 


AT27C512R-12JC 
32J 
(O°C to 70°C) 


AT27C512R-12KC 
32KW 
, 


AT27C512R-12LC 
32LW 
AT27C512R-12PC 
28P6 
AT27C512R-12RC 
28R 


120 
25 
0.2 
AT27C512R-12DI 
28DW6 
Industrial 


AT27C512R-12JI 
32J 
(-40°C to 85°C) 


AT27C512R-12KI 
32KW 
AT27C512R-12L1 
32LW 
AT27C512R-12PI 
28P6 
AT27C512R-12RI 
28R 


AT27C512R-12DM 
28DW6 
Military 


AT27C512R-12KM 
32KW 
(-55°C to 125°C) 


AT27C512R-12LM 
32LW 


AT27C512R-12DM/883 
28DW6 
Military/883C 


AT27C512R-12KM/883 
32KW 
Class B, Fully Compliant 


AT27C512R-12LM/883 
32LW 
(-55°C to 125°C) 


150 
20 
0.1 
AT27C512R-15DC 
28DW6 
Commercial 


AT27C512R-15JC 
32J 
(O°C to 70°C) 


AT27C512R-15KC 
32KW 
AT27C512R-15LC 
32LW 
AT27C512R-15PC 
28P6 
AT27C512R-15RC 
28R 


150 
25 
0.2 
AT27C512R-15DI 
28DW6 
Industrial 


AT27C512R-15JI 
32J 
(-40°C to 85°C) 


AT27C512R-15KI 
32KW 
AT27C512R-15L1 
32LW 
AT27C512R-15PI 
28P6 
AT27C512R-15RI 
28R 


AT27C512R-15DM 
28DW6 
Military 


AT27C512R-15KM 
32KW 
(-55°C to 125°C) 


AT27C512R-15LM 
32LW 


lAce 
Icc(mA) 
Ordering Code 
Package 
Operation 
Range 
(ns) 
Active 
Standby 


150 
25 
0.2 
AT27C512R-15DM/883 
28DW6 
Military1883C 
AT27C512R-15KM/883 
32KW 
Class B, Fully Compliant 
AT27C512R-15LM/883 
32LW 
(-55°C to 125°C) 


200 
20 
0.1 
AT27C512R-20DC 
28DW6 
Commercial 
AT27C512R-20JC 
32J 
(O°C to 70°C) 
AT27C512R-20KC 
32KW 
AT27C512R-20LC 
32LW 
AT27C512R-20PC 
28P6 
AT27C512R-20RC 
28R 


200 
25 
0.2 
AT27C512R-20DI 
28DW6 
Industrial 
AT27C512R-20JI 
32J 
(-40°C to 85°C) 
AT27C512R-20KI 
32KW 
AT27C512R-20Ll 
32LW 
AT27C512R-20PI 
28P6 
AT27C512R-20RI 
28R 


AT27C512R-20DM 
28DW6 
Military 
AT27C512R-20KM 
32KW 
(-55°C to 125°C) 
AT27C512R-20LM 
32LW 


AT27C512R-20DM/883 
28DW6 
Military/883C 
AT27C512R-20KM/883 
32KW 
Class B. Fully Compliant 
AT27C512R-20LM/883 
32LW 
(-55°C to 125°C) 


250 
20 
0.1 
AT27C512R-25DC 
28DW6 
Commercial 
AT27C512R-25JC 
32J 
(O°C to 70°C) 
AT27C512R-25KC 
32KW 
AT27C512R-25LC 
32LW 
AT27C512R-25PC 
28P6 
AT27C512R-25RC 
28R 


250 
25 
0.2 
AT27C512R-25DI 
28DW6 
Industrial 
AT27C512R-25JI 
32J 
(-40°C to 85°C) 
AT27C512R-25KI 
32KW 
AT27C512R-25L1 
32LW 
AT27C512R-25PI 
28P6 
AT27C512R-25RI 
28R 


AT27C512R-25DM 
28DW6 
Military 
AT27C512R-25KM 
32KW 
(-55°C to 125°C) 
AT27C512R-25LM 
32LW 


AT27C512R-25DM/883 
28DW6 
Military/883C 
AT27C512R-25KM/883 
32KW 
Class B, Fully Compliant 
AT27C512R-25LM/883 
32LW 
(-55°C to 125°C) 


120 
25 
0.2 
5962-87648 
04 XX 
28DW6 
Military/883C 
5962-87648 
04 YX 
32LW 
Class B, Fully Compliant 
5962-87648 
04 ZX 
32KW 
(-55°C to 125°C) 


150 
25 
0.2 
5962-87648 
01 XX 
28DW6 
Military/883C 
5962-87648 
01 YX 
32LW 
Class B, Fully Compliant 
5962-87648 
01 ZX 
32KW 
(-55°C to 125°C) 


200 
25 
0.2 
5962-87648 
02 XX 
28DW6 
Military/883C 
5962-87648 
02 YX 
32LW 
Class B, Fully Compliant 
5962-87648 
02 ZX 
32KW 
(-55°C to 125°C) 


• 


- 


IAcc 
Icc(mA) 
Ordering Code 
Package 
Operation 
Range 
(ns) 
Active 
Standby 


250 
25 
0.2 
5962-87648 
03 XX 
28DW6 
Military/883C 


5962-87648 
03 YX 
32LW 
Class B, Fully Compliant 


5962-87648 
03 ZX 
32KW 
(-55°C to 125°C) 


tACC 
Icc(mA) 
Ordering Code 
Package 
Operation Range 
(ns) 
Active 
Standby 


90 
20 
0.1 
AT27C512R-90TC 
28T 
Commercial 
(0° to 70°C) 


120 
20 
0.1 
AT27C512R-120TC 
28T 
Commercial 
(0° to 70°C) 


150 
20 
0.1 
AT27C512R-150TC 
28T 
Commercial 
(0° to 70°C) 


Package Type 


28DW6 
28 Lead, 0.600· Wide, Windowed, Ceramic Duallnline 
Package (Cerdip) 


32J 
32 Lead, Plastic J-Leaded Chip Carrier OTP (PLCC) 


32KW 
32 Lead, Windowed, Ceramic J-Leaded Chip Carrier (JLCC) 


32LW 
32 Pad, Windowed, Ceramic Leadless Chip Carrier (LCC) 


28P6 
28 Lead, 0.600· Wide, Plastic Duallnline 
Package OTP (PDIP) 


28R 
28 Lead, 0.330· Wide, Plastic Gull Wing Small Outline OTP (SOIC) 


28T 
28 Lead, Thin Small Outline Package oTP (TSoP) 


Features 


• 
Wide Power Supply 
Range, 3.0 VDC to 5.5 VDC 


• 
Compatible 
with JEDEC Standard 
AT27C512R 
• 
Low Power 3·Von CMOS Operation 


100 J.1A max. Standby 
26 mW max. Active 
at 1 MHz for Vcc = 3.3 VDC 


110 mW max. Active 
at 5 MHz for Vcc = 5.5 VDC 


• 
Read Access 
Time· 
200 ns 
• 
Wide Selection 
of JEDEC Standard 
Packages 
Including 
OTP 


28-Lead, 
600-mll 
cerdlp 
and OTP Plastic 
DIP, SOIC or TSOP 


32-Pad LCC, 32-Lead 
JLCC and OTP PLCC 


• 
High Reliability 
CMOS Technology 
2000 V ESD Protection 
200 mA Latchup 
Immunity 
• 
Rapid Programming 
-100 
~byte 
(typical) 
• 
Two-line 
Control 
• 
CMOS and TTL Compatible 
Inputs 
and Outputs 


• 
Integrated 
Product 
Identification 
Code 


• 
Commercial 
and Industrial 
Temperature 
Ranges 


Description 


The AT27LV512R 
chip is a low power. low voltage 524.288 bit Ultraviolet 
Erasable and 


Electrically 
Programmable 
Read Only Memory (EPROM) organized as 64K x 8 bits. 
It re- 
quires only one supply in the range of 3.0 to 5.5 VDC in normal read mode operation. making 
it ideal for battery powered systems. 


With a typical power draw of only 18 mWat 
1 MHz and Vcc at 3.3 VDC. the AT27LV512R 


will draw less than one fifth the power of a standard 5-volt EPROM. 
Standby mode supply 
current is typically less than 10 ~. 


Pin Name 
Function 


AO-A15 
Addresses 


00-07 
Outputs 


CE 
Chip Enable 


OE IVpp 
Output Enable 


NC 
No Connect 


vcc 
A14 
A13 
Ail 
A9 
A1, 
OEIVPP 
Al0 
CE 
07 
06 
05 
04 
03 


lCC, JlCC, PlCC Top View 


A7 A15 
VCC A13 
A12 NC 
A14 
TSOP Top View 
Type 1 


4 
2 
32 
30 
AS 
5 
3 
1 
31 29 
AS 
6 
28 
A4 
7 
27 
A38 
26 
A29 
25 
A1 
10 
24 
AD 
11 
23 
NC 
12 
22 


00 
13 
15 
17 
19 
21 
14 
16 
18 
20 


02 
NC 04 
01 GND03 
05 


Ail 
A9 
A11 
NC 
OENPP 
A10 
CE 
07 
06 


(IDvPP 
A" 
A9 
A8 
A13 


VCCA14 
A,S 
A~::~ 


A4 
A3 


2322 
24 
2526 
27 
). 
28 


~ 
2 


ATiEL 


21 20 
'9 18 
'7 16 
'5 14 
'3 12 
11 
10 
9 
8 


CE 
A10 
07 


~05 
03 
GND02 
01 
AD 
00 


A2 
Al 


512K (64K X 8) 


Low Voltage 
• 
UV 
Erasable 
CMOS 
EPROM 


AlmEL 


Description 
(Continued) 


The AT27LV512R 
comes 
in a choice 
of industry 
standard 


JEDEC-approved 
through hole and surface mount packages in- 


cluding windowed 
and one time programmable 
(OTP) pack- 
ages, such as the OTP thin small outline package (TSOP). All 
devices feature two line control (CE, OE) to give designers the 
flexibility to prevent bus contention. 


The AT27LV512R 
operating 
with Vcc at 3.0 VDC produces 
TIL level outputs that are compatible 
with standard TIL logic 
devices Qperating at Vcc = 5.0 VDC. 


Atrnel's 27LV512R 
has additional features to ensure high qual- 


ity and efficient production use. The Rapid Programming 
Algo- 
rithm reduces the time required to program the part and guaran- 
tees reliable programming. 
Programming 
time is typically only 


100 l!SIbyte. The Integrated 
Product Identification 
Code elec- 
tronically identifies the device and manufacturer. 
This feature is 
used by industry standard programming 
equipment to select the 
proper 
programming 
algorithms 
and 
voltages. 
The 


AT27LV512R 
programs identically as an AT27C512R. 


Erasure Characteristics 


The entire memory array of the AT27L V512R is erased (all out- 
puts read as VOH) after exposure to ultraviolet light at a wave- 
length of 2537 A. Complete erasure is assured after a minimum 
of 20 minutes exposure 
using 12,000 )J.W/cm2intensity lamps 


spaced one inch away from the chip. Minimum erase time for 
lamps at other intensity ratings can be calculated from the min- 
imum integrated erasure dose of 15 W.sec/cm2. To prevent un- 
intentional 
erasure, an opaque label is recommended 
to cover 
the clear window on any UV erasable EPROM which will be 
subjected to continuous 
fluorescent indoor lighting or sunlight. 


VCC __ 


GND-- 


OEIVPP 
CE 
OUTPUT 
BUFFERS 


Y-GATING 


CEUMATRIX 


IDENTIFICATION 


Absolute Maximum Ratings· 


Temperature 
Under Bias 
-40oC to +8SoC 


Storage Temperature 
-6SoC to +12SoC 


Voltage on Any Pin with 
Respect to Ground 
-2.0 V to +7.0 V(1) 


Voltage on A9 with 
Respect to Ground 
-2.0 V to +14.0 V(1) 


Vpp Supply Voltage with 
Respect to Ground 
-2.0 V to +14.0 V(1) 


Integrated UV Erase Dose 
72S8 W·sec!cm2 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 


mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Notes: 
1. Minimum voltage is -0.6 V dc which may undershoot to -2.0 


V for pulses of less than 20 ns. Maximum output pin voltage 
is Vcc + 0.75 V dc which may be exceeded if certain precau- 
tions are observed (consult application notes) and which may 
overshoot to +7.0 V for pulses of less than 20 ns. 


Mode\Pln 
I 
CE 
OElVpp 
Ai 
Vcc 
OutDuts 


Read 
VIL 
VIL 
Ai 
Vcc 
Dour 


Output Disable 
VIL 
VIH 
X(1) 
Vcc 
HighZ 


Standby 
VIH 
X 
X 
Vcc 
HighZ 


Rapid Program(2) 
VIL 
Vpp 
Ai 
Vcc (2) 
DIN 


PGM Verify (2) 
VIL 
I 
, 
VIL 
Ai 
Vcc (2) 
Dour 


PGM Inhibit (2) 
VIH 
Vpp 
X 
Vcc (2) 
HighZ 


Product Identification(2).(4) 


A9 = VH (3) 
Vcc (2) 
Identification 
VIL 
VIL 
AO = VIH or VIL 
Code 
A1-A1S = VIL 


Notes: 
1. X can be VII.or VIH. 
2. Refer to Programming characteristics. 
Programming 
modes require Vcc > 4.5 V. 
3. VH= 12.0 ± 0.5 V. 


4. Two identifier bytes may be selected. All Ai inputs are held 


low (VII.),except A9 which is set to VH and AOwhich is tog- 
gled low (VtL) to select the Manufacturer's 
Identification byte 


and high (VIH)to select the Device Code byte. 


AT27LV512R 


·20 
·25 


Operating Temperature 
Com. 
OOC- 70°C 
OOC-70°C 


(Case) 
Ind. 
-40°C - 85°C 
-40°C - 85°C 


Vcc Power Supplv 
3.0 Vto 5.5 V 
3.0 Vto 5.5 V • 
D.C. and Operating Characteristics for Read Operation 
(VCC = 3.0 V to 5.5 V unless otherwise specified) 


Symbol 
Parameter 
Condition 
Mln 
Max 
Units 


III 
Input Load Current 
VIN = -0.1 V to Vcc+1 V 
10 
w' 
ILO 
Output Leakage Current 
VOUT= -0.1 V to Vcc+0.1 
V 
10 
w' 
IS81 (CMOS), 
100 
w' 
IS8 
VCC (1) Standby Current 
CE = Vcc-0.3 to Vcc+1.0 
V 


IS82 (TTL), 
CE = 2.0 to Vcc+ 1.0 V 
1 
mA 


I = 5 MHz, lOUT= 0 mA, 
Com. 
20 
mA 
ICC1 


Icc 
Vcc Active Current 
CE = VIL, Vcc = 5.5 V 
Ind. 
25 
mA 


I = 1 MHz, lOUT= 0 mA 
Com. 
8 
mA 


ICC2 
CE = VIL, Vcc = 3.3 V 
Ind. 
10 
mA 


VIL 
Input Low Voltage 
-0.6 
0.8 
V 


VIH 
Input High Voltage 
2.0 
Vcc+0.75 
V 


VOL 
Output Low Voltage 
IOL= 2.1 mA 
.45 
V 


VOH 
Output High Voltage 
IOH= -100 w' 
Vcc-0.3 
V 


IOH= -400 w' 
2.4 
V 


AT27LV512R 


·20 
·25 


Symbol 
Parameter 
Condition 
Min 
Max 
Min 
Max 
Units 


tACC(3) 
Address to Output Delay 
CE = OElVpp = VIL 
Com. 
200 
250 
ns 


Ind. 
200 
250 
ns 
tCE (2) 
CE to Output Delay 
OElVpp = VIL 
200 
250 
ns 
tOE (2,3) 
OElVpp to Output Delay 
CE = VIL 
70 
100 
ns 


tOF (4,5) 
OElVpp High to Output Float 
CE = VIL 
50 
50 
ns 


Output Hold Irom Address, 


CE = OElVpp = VIL 
tOH 
CE or OElVpp, whichever 
0 
0 
ns 


occu rred Iirst 


AlmEL 


AlmEL 


tDF 


CC 
tOH 


Notes: 
I. Timing measurement references are 0.8 V and 


2.0 V. Input AC driving levels are 0.45 V and 
2.4 V. See Input Test Waveforms and Measure- 
ment Levels. 


2. OE/Vpp may be delayed up to teE-toE after the 


falling edge of CE without impact on teE. 


3. OENpp may be delayed up to tACC-toEafter the 


address is valid without impact on tACC. 


4. This parameter is only sampled and is not 100% 


tested. 


5. Output float is defmed as the point when data is 


no longer driven. 


HIGH Z 
OUTPUT 


VALID 


2.4V 


AC < 
DRIVING 
LEVELS 
0.45V 


2.0 
AC 


MEASUREMENT 
0.8 
LEVEL 


Output Test Load 


1.3V 


~ 


(IN914) 


3.3K 


OUTPUT 


PIN 
CL 


~ 
Note: CL = 100 pF including 
jig capacitanoe. 


Typ 
Max 
Units 
Conditions 


CIN 
4 
8 
pF 
VIN = 0 V 


COUT 
8 
12 
pF 
VOUT 
= 0 V 


V1H 
ADDRESS 


VIL 


VIH 
DATA 
VIL 


VCC 
6.5V 


5.0V 


13.0V 


OENPP 


V1L 


CE 
V1H 


VIL 


Notes: 
\. The Input Timing Reference is 0.8 V for VlL and 
2.0 V for VIR. 
2. toE and tDFPare characteristics of the device but 
must be accommodated by the programmer. 


D.C. Programming Characteristics 
TA= 25 ± 5°C, Vcc = 6.5 ± 0.25 V, OENpp = 13.0 ± 0.25 V 


Sym- 
Test 
Limits 


bol 
Parameter 
Conditions 
Min 
Max Units 


III 
Input Load 
VIN= Vll,VIH 
10 
ItA 
Current 


Vll 
Input Low Level 
(AllInputs) 
-0.6 
0.8 
V 


VIH 
Input High Level 
2.0 
Vcc.l 
V 


VOL 
Output Low Volt. 
lot.= 2.1 mA 
.45 
V 


VOH 
Ou1put High Volt. 
IOH = -400 .,A 
2.4 
V 


ICC2 
Vcc Supply Current 
25 
mA 
(Program 
and Verify) 


IpP2 
OENpp Current 
CE = Vil 
25 
mA 


A9 Product 
VIO 
Identification 
11.5 
12.5 
V 
Voltage 


A.C. Programming Characteristics 
TA= 25 ± 5°C, Vcc = 6.5 ± 0.25 V, OENpp 
= 13.0 ± 0.25 V 


Test 
Sym- 
Conditions· 
Limits 


bol 
Parameter 
(see Note 1) 
Min 
Max Units 


tAS 
Address Setup Time 
2 
J.1S 


tOES 
OENpp Setup Time 
2 
J.1S 


tOEH 
OENpp Hold Time 
2 
J.1S 


tos 
Data Setup Time 
2 
J.1S 


tAH 
Address Hold Time 
0 
I's 


tOH 
Data Hold Time 
2 
I's 


tOFP 
CE High to Out- 
(Note2) 
0 
130 
ns 
put Float Delay 


tvcs 
Vcc Setup Time 
2 
I'S 


tpw 
CE Program 
(Note3) 
95 
105 
J.1S 
Pulse Width 


tov 
Data Valid from 
(Note2) 
1 
CE 
I's 


tVR 
OENpp Recovery Time 
2 
I'S 


tPRT 
OENpp Pulse Rise 
50 
ns 
Time During Programming 


*A.C. Conditions of Test 
Input Rise and Fall Times (l0% to 90%) 
20 ns 
Input Pulse Levels 
0.45 V to 2.4 V 
Input Timing Reference Level 
0.8 V to 2.0 V 
Output Timing Reference Level 
0.8 V to 2.0 V 


Notes: 


I. 
Vcc must be applied simultaneously or before OE/Vpp 
and removed simultaneously or after OENpp. 
2. 
This parameter is only sampled and is not 100%tested. 
Output Float is defmed as !hepoint where data is no longer 
driven - 
see timing diagram. 


3. 
Program Pulse wid!h tolerance is 100~ec±5%. 


Atmel's 27LV512R Integrate~ 
Product Identification Code( 


Pins 
Hex 


Codes 
AO 07 
06 
05 
04 
03 
02 
01 
00 
Data 


Manufacturer 
0 
0 
0 
0 
1 
1 
1 
1 
0 
1E 


Device Type 
1 
0 
0 
0 
0 
1 
1 
0 
1 
OD 


Note: 
I. The AT27LV5l2R has the same Product Identification 


Code as the AT27C512R. Both are programming 
compatible. 


Rapid~rogramming 
Algorithm 
• 


A 100 J.lSCE pulse width is used to program. The address is set 
to the fITStlocation. Vcc is raised to 6.5 V and OE/Vpp is raised 
to 13.0 V. Each address is fITStprogrammed 
with one 100 J.lSCE 


pulse without verification. Then a verification/reprogramming 
loop is executed for each address. In the event a byte fails to 
pass verification, up to 10 successive 
100 J.lSpulses are applied 
with a verification 
after each pulse. If the byte fails to verify 
after 10 pulses have been applied, the part is considered failed. 
After the byte verifies properly, 
the next address 
is selected 


until all have been checked. OENpp is then lowered to VIL and 
Vcc to 5.0 V. All bytes are read again and compared with the 
original data to determine if the device passes or fails. 


AlmlL 


Alma 


NORMALIZED 
SUPPLY CURRENT 
YS. FREQUENCY 


Temp = 25'C, lOUT = 0, CE = VIL 


N 
o 
r 
m 
3.5 
a 
I 


j 
z 
e 
d 


VCC 
3.3V 
- 
- 


VCC 
5.0V 
- 


NORMALIZED 
ACCES TIME 
YS. SUPPLY VOLTAGE 


Temp = 25'C 


12 
N 
0 
1.1 
r 
m 
1.0 


a 
0.' 
I 
i 
•• 
z 
e 
0.7 


d 


~\\I'\.. 


.....r--... - 


C 


U 
15 


r 
r 
12 
e 
n 
I 


NORMALIZED 
SUPPLY CURRENT 
YS. VOLTAGE 


Temp = 25'C. lOUT = 0, CE = VIL 


0 
33 


r 
30 


m 
a 
2.5 
I 
2.0 


j 


Z 
13 


e 
1.0 
1=1 
MHz 
d 
0.5 


3.0 
3.5 
'.0 
'.5 
5.0 
5.5 
'.0 


NORMALIZED 
SUPPLY CURRENT 
YS. TEMP. 


Frequency = 1 MHz, lOUT = 0 
2.• 
N 
0 
2.' 


r 
m 
2.0 
a 
I 
1.. 
j 


Z 
e 
12 


d 


r----. 


VCC 
5.0V 
- 


VCC 
3.3 V 


Temp = 25'C 


C =5.0 V 
u 
r 
30 


r 
e 
20 


n 
I 


Icc(mA) 
Operation Range 
tACC 
Vcc = 3.3 V 
Ordering Code 
Package 
(ns) 
Active 
Standby 


200 
8 
0.1 
AT27L V512R-20DC 
28DW6 
Commercial 


AT27LV512R-20JC 
32J 
(O'C to 70'C) 


AT27LV512R-20KC 
32KW 
AT27L V512R-20LC 
32LW 
AT27L V512R-20PC 
28P6 
AT27L V512R-20RC 
28R 


200 
10 
0.1 
AT27LV512R-20DI 
28DW6 
Industrial 


AT27LV512R-20KI 
32KW 
(-40'C to 85'C) 


AT27L V512R-20Ll 
32LW 


250 
8 
0.1 
AT27LV512R-25DC 
28DW6 
Commercial 


AT27LV512R-25JC 
32J 
(O'C to 70'C) 


AT27LV512R-25KC 
32KW 
AT27LV512R-25LC 
32LW 
AT27LV512R-25PC 
28P6 
AT27LV512R-25RC 
28R 


250 
10 
0.1 
AT27LV512R-25DI 
28DW6 
Industrial 


AT27LV512R-25KI 
32KW 
(-40'C to 85'C) 


AT27LV512R-25L1 
32LW 


Icc(mA) 
IAcc 
Vcc= 
3.3 V 
Ordering Code 
Package 
Operation 
Range 
(ns) 
Active 
Standby 


200 
8 
0.1 
AT27LV512R-20TC 
28T 
Commercial 
(0° to 70°C) 


250 
8 
0.1 
AT27LV512R-25TC 
28T 
Commercial 
(0° to 70°C) 


Package Type 


28DW6 
28 Lead, 0.600· Wide, Windowed, Ceramic Duallnline 
Package (Cerdip) 


32J 
32 Lead, Plastic J-Leaded Chip Carrier OTP (PLCC) 


32KW 
32 Lead, Windowed, Ceramic J-Leaded Chip Carrier (JLCC) 


32LW 
32 Pad, Windowed, Ceramic Leadless Chip Carrier (LCC) 


28P6 
28 Lead, 0.600· Wide, Plastic Dual Inline Package OTP (PDIP) 


28R 
28 Lead, 0.330· Wide, Plastic Gull Wing Small Outline OTP (SOIC) 


28T 
28 Lead, Plastic Thin Small Outline Package OTP (TSOP) 
AliiiI[ 


• 


Features 


• 
Fast Read Access Time -100 
ns 
• 
Low Power CMOS Operation 
100 lJ.Amax. Standby 
25 mA max. Active at 5 MHz (AT27C010L) 
40 mA max. Active at 5 MHz (AT27C010) 
• 
Wide Selection of JEDEC Standard Packages 
Including OTP 
32-Lead 6OQ-mll cerdlp and OTP Plastic DIP, SOIC or TSOP 
32-Pad LCC, 32-Lead JLCC and OTP PLCC 
• 
5 V ± 10% Supply 
• 
High Reliability 
CMOS Technology 
2000 V ESD Protection 
200 mA Latchup Immunity 


• 
Rapid Programming· 
100 ~/byte (typical) 


• 
Two-line Control 


• 
CMOS and TTL Compatible 
Inputs and Outputs 
• 
Integrated Product Identification 
Code 
• 
Full Military, Commercial 
and Industrial Temperature 
Ranges 


Description 


The AT27COIO/L chip family is a low-power, 
high performance 
1.048,576 bit Ultraviolet 


Erasable and Electrically Programmable 
Read Only Memory (EPROM) organized as 128K x 


8 bits. They require only one 5 V power supply in normal read mode operation. Any byte can 
be accessed in less than lOOns, eliminating the need for speed reducing WAlT states on high 
performance 
microprocessor 
systems. 


Two power versions are offered. In read mode, the AT27COIO typically consumes 25 mA 
while the AT27COIOL takes only 8 mA. Standby mode supply current for both parts is typi- 
cally less than 10 ~. 


Pin Name 
Function 


AO-A16 
Addresses 
00-07 
Outputs 


CE 
Chip Enable 


OE 
Output Enable 


PGM 
Program Strobe 


NC 
No Connect 


1 Megabit 
(128K x 8) 
UV 
Erasable 
CMOS 
EPROM • 


AlmlL 


Description 
(Continued) 


The 
AT27C010/L 
comes 
in a choice 
of industry 
standard 
JEDEC-approved 
packages including; 32-pin ceramic DIP; 32- 
pad ceramic 
leadless chip carrier (LCe); 
32-lead ceramic J- 
leaded chip carrier (JLCC); 
32-lead one time programmable 


(OlP) 
plastic J-leaded chip carrier (pLCe); 
32-pin OlP plastic 
gull wing small outline IC (SOle); 
and 32-pin OlP 
thin small 
outline package 
(TSOP). 
All devices feature two line control 
(CE, OE) 
to give 
designers 
the 
flexibility 
to prevent 
bus 
contention. 


With 
high 
density 
128K 
byte 
storage 
capability, 
the 
AT27C010/L 
allow fmnware to be stored reliably and to be ac- 
cessed by the system without the delays of mass storage media. 


Atmel's 27C010/L have additional features to ensure high qual- 
ity and efficient production use. The Rapid Programming 
Algo- 
rithm reduces the time required to program the part and guaran- 
tees reliable programming. 
Programming 
time is typically only 
100 jJ.S/byte. The Integrated 
Product Identification 
Code elec- 
tronically identifies the device and manufacturer. 
This feature is 
used by industry standard programming 
equipment to select the 
proper programming 
algorithms and voltages. 


The entire memory array of the AT27C010/L 
is erased (all out- 
puts read as VOH) after exposure to ultraviolet light at a wave- 
length of 2537 A. Complete erasure is assured after a minimum 
of 20 minutes exposure using 12,000 IlW/cm2 intensity lamps 
spaced one inch away from the chip. Minimum erase time for 
lamps at other intensity ratings can be calculated from the min- 
imum integrated erasure dose of 15 W.sec/cm2. To prevent un- 
intentional erasure, an opaque label is recommended 
to cover 
the clear window on any UV erasable EPROM which will be 
subjected to continuous 
fluorescent indoor lighting or sunlight. 


Block Diagram 
vcc __ 
GND __ 


vpp -- 


OE 
CE 


PGM 


Ao-A16 
[ 
ADDRESS 
INPUTS 


Temperature 
Under Bias 
-55°C to +125°C 


Storage Temperature 
-65°C to +150oC 


Voltage on Any Pin with 
Respect to Ground 
-2.0 V to +7.0 V(1) 


Voltage on A9 with 
Respect to Ground 
-2.0 V to +14.0 V(1) 


Vpp Supply Voltage with 
Respect to Ground 
-2.0 V to +14.0 v(1) 


Integrated UV Erase Dose 
7258 W·sectcm2 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 


mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Notes: 
1. Minimum voltage is -0.6 V dc which may undershoot to 


-2.0 V for pulses of less than 20 ns. Maximum output pin volt- 
age is Vcc +0.75 V dc which may overshoolto +7.0 V for 
pulses of less than 20 ns. 


Mode \ Pin 
CE 
OE 
PGM 
Ai 
Vpp 
Vcc 
Outputs 


Read 
VIL 
VIL 
X(1) 
Ai 
X 
Vcc 
DOUT 


Output Disable 
X 
VIH 
X 
X 
X 
Vcc 
HighZ 


Standby 
VIH 
X 
X 
X 
X 
Vcc 
HighZ 


Fast Program(2) 
VIL 
VIH 
VIL 
Ai 
Vpp 
Vcc 
DIN 


PGM Verify 
VIL 
VIL 
VIH 
Ai 
Vpp 
Vcc 
DOUT 


PGM Inhibit 
VIH 
X 
X 
X 
Vpp 
Vcc 
HighZ 


Product Identification(4) 


A9=VH (3) 


Identification 
VIL 
VIL 
X 
AO=VIH or VIL 
X 
Vcc 
Code 
A1-A16=VIL 


Notes: 
I. X can be VIL or VlH. 
2. Refer to Programming characteristics. 
3. VH= 12.0 ± 0.5 V. 


4. Two identifier bytes may be selected. All Ai inputs 


are held low eVIL), except A9 which is set to VH and AO 
which is toggled low eVIL) to select the Manufacturer's 
Identi- 


fication byte and high eVlH) to select the Device Code byte. 


AT27C010/AT27C010L 


·10 
·12 
·15 
·20 
·25 


Operating 
Com. 
OOC-70°C 
OOC-70°C 
OOC- 70°C 
OOC-70°C 
OOC-70°C 


Temperature 
Ind. 
-40°C - 85°C 
-40°C - 85°C 
-40°C - 85°C 
-40°C - 85°C 


(Case) 
Mil. 
-55°C - 125°C 
-55°C - 125°C 
-55°C - 125°C 
-55°C - 125°C 


Vcc Power Supply 
5 V±5% 
5 V±10% 
5 V ± 10% 
5 V±10% 
5 V±10% 


Symbol 
Parameter 
COndition 
Mln 
Max 
Units 


III 
Input Load Current 
VIN=-0.1 
VtoVcc+1 
V 
5 
IlA 


ILO 
Output Leakage Current 
VOUT= -0.1 V to Vcc+0.1 
V 
10 
IlA 


IpP1 (2) 
Vpp (1) Read/Standby 
Current 
Vpp = 3.8 to Vcc+0.3 
V 
, 
10 
IlA 


Vcc (1)Standby Current 
15B1(CMOS), 
100 
IlA 
15B 
CE = Vcc-0.3 to Vcc+ 1.0 V 


15B2(TTL) , CE = 2.0 to Vcc+1.0 
V 
1 
mA 


AT27C010L 
Com. 
25 
mA 
f = 5 MHz, 
Icc 
Vcc Active Current 
lOUT= 0 mA, 
Ind.,Mil. 
30 
mA 


CE = VIL 
AT27C010 
Com. 
40 
mA 


Ind.,Mil. 
50 
mA 


VIL 
Input Low Voltage 
-0.6 
0.8 
V 


VIH 
Input High Voltage 
2.0 
Vcc+0.75 
V 


VOL 
Output Low Voltage 
IOL= 2.1 mA 
.45 
V 


IOH= -100 IlA 
Vcc-0.3 
V 


VOH 
Output High Voltage 
IOH= -2.5 mA 
3.5 
V 


IOH= -400 IlA 
2.4 
V 


Notes: I. Vcc must be applied simultaneously or before Vpp, 
and removed simultaneously or after VPP. 


2. Vpp may be connected directly to Vcc. except during program- 


ming. The supply current would then be the sum of Ice and !PP. 


AT27C0101 
AT27C010L 


·10 
-12 
·15 
·20 
·25 


Symbol 
Parameter 
COndition 
Min 
Max 
Min 
Max 
Min 
Max 
Min 
Max 
Min 
Max 
Units 


IACC(3) 
Address 
to 
CE=OE 
Com. 
100 
120 
150 
200 
250 
ns 
Output 
Delay 
= 
VIL 
Ind.,Mil. 
120 
150 
200 
250 
ns 
ICE (2) 
CE to Output 
Delay 
OE = VIL 
100 
120 
150 
200 
250 
ns 
tOE (2.3) 
OE to Output 
Delay 
CE = VIL 
35 
40 
40 
70 
100 
ns 


IOF (4,5) 
OE High 10 
CE = VIL 
30 
35 
40 
55 
60 
ns 
Output 
Float 


Output 
H~frol!L 
CE=OE 
IOH 
Address. 
CE or OE. 
= 
VIL 
0 
0 
0 
0 
0 
ns 
whichever 
occurred 
first 


AlmEL 


• 


AlmEL 


Notes: 
1. Timing measurement references are 0.8 V and 


2.0 V. Input AC driving levels are 0.45 V and 
2.4 V. unless otherwise specified. 


2. OE may be delayed up to teE-toE after the fall- 


ing edge of CE without impact on teE. 


3. OE may be delayed up to tACe-toEafter the ad- 


dress is valid without impact on tACC. 


4. This parameter is only sampled and is not 100% 


tested. 


5. Output float is defmed as the point when data is 


no longer driven. 


2.4V 


DR~V~NG< 
LEVELS 
O.45V 


tR.lF< 20ns (10% to 90%) 


2.0 
AC 
MEASUREMENT 
0.8 LEVEL 


Output Test Load 


1.3V 
t 


(1N914l 


3.3K 
OUTPUT 
PIN 
CL 
Note: CL; 100 pF including 


~ 
Jig capacitance. 


Input Test Waveforms 
and Measurement 
Levels 


Typ 
Max 
Unns 
Conditions 


CIN 
4 
8 
pF 
VIN; 0 V 


COUT 
8 
12 
pF 
VOUT= 0 V 


V1H 
ADDRESS 
V1L 


DATA 
VIH 


V1L 


VCC 
6.5V 


5.QV 


VPP 
13.QV 


5.QV 


V1H 
CE 
V1L 


PGM 
VIH 


VIL 


OE 
V1H 


V1L 
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Notes: 
I. The Input Timing Reference is 0.8 V for VlL and 


2.0 V for VlH. 


2. toE and tDFPare characteristics of the device but 


must be accommodated by the programmer. 


3. When programming the AT27COIO/L a O.I-fLF 
capacitor is required across Vpp and ground to 
suppress spurious voltage transients. 


D.C. Programming Characteristics 


TA = 25 ± 5°C, Vcc = 6.5 ± 0.25 V. Vpp = 13.0 ± 0.25 v 


Sym- 
Test 
Limits 


bol 
Parameter 
Conditions 
Min 
Max 
Units 


III 
Input Load Current 
VIN=VIL.VIH 
10 
~ 


VIL 
Input Low Level 
(Allinputsl 
-0.6 
0.8 
V 


VIH 
Input High Level 
2.0 
V(X.1 
V 


VOL 
Outpu1 Low Vott. 
10l=2.1 mA 
.45 
V 


VOH 
Output 
High Vott. 
IOH~400 flA 
2.4 
V 


ICC2 
Vcc Supply 
Current 
40 
mA 
(Program 
and Verify) 


IpP2 
Vpp Supply 
CE=PGM=VIL 
20 
mA 
Current 


A9 Product 
VIO 
Identification 
11.5 
12.5 
V 
Vottage 


A.C. Programming Characteristics 


TA = 25 ± 5°C, Vcc = 6.5 ± 0.25 V, Vpp = 13.0 ± 0.25 V 


Test 
Sym- 
Conditions" 
Limits 


bol 
Parameter 
(see Note 1) 
Min 
Max Units 


tAs 
Address 
Setup Time 
2 
I'S 


tCES 
CE Setup Time 
2 
I'S 


tOES 
OE Setup Time 
2 
~s 


tos 
Data Setup Time 
2 
~s 


tAH 
Address 
Hold Time 
0 
~s 


tOH 
Data Hold Time 
2 
I'S 


tOFP 
OE High to Out- 
(Note 2) 
0 
130 
ns 
put Float Delay 


tvps 
Vpp Setup Time 
2 
I'S 


tvcs 
Vcc Setup Time 
2 
I'S 


tpw 
PGM 
Program 
(Note 31 
95 
105 
I'S 
Pulse Width 


tOE 
Data Valid from OE 
150 
ns 


*A.C. Conditions of Test: 
Input Rise and Fall Times (10% to 90%) 
20 ns 
Input Pulse Levels 
0.45 V to 2.4 V 
Input Timing Reference Level 
0.8 V to 2.0 V 
Output Timing Reference Level 
0.8 V to 2.0 V 


Notes: 


1. 
Vcc must be applied simultaneously 
or before Vpp and removed 
si- 
multaneously 
or after Vpp. 
2. 
This parameter 
is only sampled 
and is not 100% tested. 
Oulput Float is dermed 
as the point where data is no longer 
driven - 
see timing diagram. 


3. 
Program 
Pulse width tolerance 
is 100 ~ec 
± 5%. 


Atmel's 27C010/L Integrated 
Product Identification Code 


Pins 
Hex 


Codes 
AO 07 
06 
05 
04 
03 
02 
01 
00 
Data 


Manufacturer 
0 
0 
0 
0 
1 
1 
1 
1 
0 
1E 


Device Type 
1 
0 
0 
0 
0 
0 
1 
0 
1 
05 


Rapid Programming Algorithm 


A 100 ~ 
PGM pulse width is used to program. The address is • 


set to the first location. Vcc is raised to 6.5 V and Vpp is raised 
to 13.0 V. Each address is first programmed 
with one 100 ~ 


PGM pulse without verification. 
Then a verification 
/ repro- 
gramming loop is executed for each address. In the event a byte 
fails to pass verification, 
up to 10 successive 
100 ~ pulses are 
applied with a verification 
after each pulse. If the byte fails to 
verify after 10 pulses have been applied, the part is considered 
failed. After the byte verifies properly. the next address is se- 
lected until all have been checked. Vpp is then lowered to 5.0 V 
and Vcc to 5.0 V. All bytes are read again and compared with 
the original data to determine if the device passes or fails. 
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lAce 
Icc(mA) 
Ordering Code 
Package 
Operation 
Range 
(ns) 
Active 
Standby 


100 
40 
0.1 
AT27C010-10DC 
32DW6 
Commercial 


AT27C010-10KC 
32KW 
(O°C to 70°C) 


AT27C01 0-1 OLC 
32LW 


120 
40 
0.1 
AT27C010-12DC 
32DW6 
Commercial 


AT27C010-12JC 
32J 
(O°C to 70°C) 


AT27C010-12KC 
32KW 
AT27C010-12LC 
32LW 
AT27C010-12PC 
32P6 
AT27C010-12RC 
32R 


120 
50 
0.1 
AT27C010-12DI 
32DW6 
Industrial 


AT27C010-12JI 
32J 
(-40°C to 85°C) 


AT27C010-12KI 
32KW 
AT27C010-12L1 
32LW 
AT27C010-12PI 
32P6 
AT27C010-12RI 
32R 


AT27C010-12DM 
32DW6 
Military 


AT27C010-12KM 
32KW 
(-55°C to 125°C) 


AT27C010-12LM 
32LW 


AT27C010-12DM/883 
32DW6 
Military/883C 


AT27C010-12KM/883 
32KW 
Class B, Fully Compliant 


AT27C010-12LM/883 
32LW 
(-55°C to 125°C) 


150 
40 
0.1 
AT27C010-15DC 
32DW6 
Commercial 


AT27C010-15JC 
32J 
(O°C to 70°C) 


AT27C010-15KC 
. 
32KW 
AT27C010-15LC 
32LW 
AT27C010-15PC 
32P6 
AT27C010-15RC 
32R 


150 
50 
0.1 
AT27C010-15DI 
32DW6 
Industrial 


AT27C010-15JI 
32J 
(-40°C to 85°C) 


AT27C010-15KI 
32KW 
AT27C010-15L1 
32LW 
AT27C010-15PI 
32P6 
AT27C010-15RI 
32R 


AT27C010-15DM 
32DW6 
Military 


AT27C010-15KM 
32KW 
(-55°C to 125°C) 


AT27C010-15LM 
32LW 


AT27C010-15DM/883 
32DW6 
Military/883C 


AT27C010-15KM/883 
32KW 
Class B, Fully Compliant 


AT27C010-15LM/883 
32LW 
(-55°C to 125°C) 


200 
40 
0.1 
AT27C010-20DC 
32DW6 
Commercial 


AT27C010-20JC 
32J 
(O°C to 70°C) 


AT27C010-20KC 
32KW 
AT27C010-20LC 
32LW 
AT27C010-20PC 
32P6 
AT27C010-20RC 
32R 


lAce 
Icc(mA) 


Ordering Code 
Package 
Operation Range 
(ns) 
Active 
Standby 


200 
50 
0.1 
AT27C010-200l 
32DW6 
Industrial 


AT27C010-20JI 
32J 
(-40°C to 85°C) 


AT27C010-20KI 
32KW 
AT27C010-20Ll 
32LW 
AT27C010-20PI 
32P6 
AT27C010-20RI 
32R 


AT27C010-20DM 
32DW6 
Military 


AT27C010-20KM 
32KW 
(-55°C to 125°C) 


AT27C010-20LM 
32LW 


AT27C010-20DM/883 
32DW6 
Military1883C 


AT27C010-20KM/883 
32KW 
Class B, Fully Compliant 


AT27C010-20LM/883 
32LW 
(-55°C to 125°C) 


250 
40 
0.1 
AT27C010-25DC 
32DW6 
Commercial 


AT27C010-25JC 
32J 
WC 
to 70°C) 


AT27C010-25KC 
32KW 
AT27C010-25LC 
32LW 
AT27C010-25PC 
32P6 


250 
50 
0.1 
AT27C010-25DI 
32DW6 
Industrial 


AT27C010-25JI 
32J 
(-40°C to 85°C) 


AT27C010-25KI 
32KW 
AT27C010-25L1 
32LW 
AT27C010-25PI 
32P6 


AT27C010-25DM 
32DW6 
Military 


AT27C010-25KM 
32KW 
(-55°C to 125°C) 


AT27C010-25LM 
32LW 


AT27C010-25DM/883 
32DW6 
Military/883C 


AT27C010-25KM/883 
32KW 
Class B, Fully Compliant 


AT27C010-25LM/883 
32LW 
(-55°C to 125°C) 


120 
50 
0.1 
5962-8961406 
M XX 
32DW6 
Military1883C 
5962-8961406 
M YX 
32LW 
Class B, Fully Compliant 


(-55°C to 125°C) 


150 
50 
0.1 
5962-8961405 
M XX 
32DW6 
Military/883C 
5962-8961405 
M YX 
32LW 
Class B, Fully Compliant 
(-55°C to 125°C) 


170 
50 
0.1 
5962-8961404 
M XX 
32DW6 
Military/883C 


5962-8961404 
M YX 
32LW 
Class B, Fully Compliant 
(-55°C to 125°C) 


200 
50 
0.1 
5962-8961403 
M XX 
32DW6 
Military/883C 


5962-8961403 
M YX 
32LW 
Class B, Fully Compliant 


(-55°C to 125°C) 


250 
50 
0.1 
5962-8961402 
M XX 
32DW6 
Military/883C 


5962-8961402 
M YX 
32LW 
Class B, Fully Compliant 


(-55°C to 125°C) 


300 
50 
0.1 
5962-8961401 
M XX 
32DW6 
Military/883C 
5962-8961401 
M YX 
32LW 
Class B, Fully Compliant 


(-55°C to 125°C) 


• 
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fAce 
Icc(mA) 
Ordering Code 
Package 
Operation 
Range 
(ns) 
Active 
Standby 


120 
40 
0.1 
AT27C010-12TC 
32T 
Commercial 
(0° to 70°C) 


150 
40 
0.1 
AT27C010-15TC 
32T 
Commercial 
(00 to 70°C) 


Package Type 


32DW6 
32 Lead, 0.600" Wide, Windowed, Ceramic Dual Inline Package (Cerdip) 


32J 
32 Lead, Plastic J-Leaded Chip Carrier oTP (PLCC) 


32KW 
32 Lead, Windowed, Ceramic J·Leaded Chip Carrier (JLCC) 


32LW 
32 Pad, Windowed, Ceramic Leadless Chip Carrier (LCC) 


32R 
32 Lead, 0.450" Wide, Plastic Gull Wing Small Outline OTP (SOle) 


321 
32 Lead, Plastic Thin Small Outline Package oTP (TSoP) 


fAcc 
Icc(mA) 
Ordering Code 
Package 
Operation Range 
(ns) 
Active 
Standby 


100 
40 
0.1 
AT27C010L-10DC 
32DW6 
Commercial 
AT27C010L-10KC 
32KW 
(O°C to 70°C) 


AT27C010L-10LC 
32LW 


120 
25 
0.1 
AT27C010L-12DC 
32DW6 
Commercial 
AT27C010L-12JC 
32J 
(O°C to 70°C) 
AT27C010L-12KC 
32KW 
AT27C010L-12LC 
32LW 
AT27C010L-12PC 
32P6 
AT27C010L-12RC 
32R 


120 
30 
0.1 
AT27C010L-12DI 
32DW6 
Industrial 
AT27C010L-12JI 
32J 
(-40°C to 85°C) 
AT27C010L-12KI 
32KW 
AT27C010L-12L1 
32LW 
AT27C010L-12PI 
32P6 
AT27C010L-12RI 
32R 


AT27C010L-12DM 
32DW6 
Military 


AT27C010L-12KM 
32KW 
(-55°C to 125°C) 
AT27C010L-12LM 
32LW 


AT27C01 OL-12DM/883 
32DW6 
Military/883C 
AT27C01 OL-12KM/883 
32KW 
Class B, Fully Compliant 


AT27C010L-12LM/883 
32LW 
(-55°C to 125°C) 


150 
25 
0.1 
AT27C010L-15DC 
32DW6 
Commercial 


AT27C010L-15JC 
32J 
(O°C to 70°C) 


AT27C010L-15LC 
32LW 
AT27C01 OL-15KC 
32KW 
AT27C010L-15PC 
32P6 
AT27C010L-15RC 
32R 


150 
30 
0.1 
AT27C010L-15DI 
32DW6 
Industrial 
AT27C010L-15JI 
32J 
(-40°C to 85°C) 
AT27C010L-15KI 
32KW 
AT27C010L-15L1 
32LW 
AT27C010L-15PI 
32P6 
AT27C010L-15RI 
32R 


AT27C010L-15DM 
32DW6 
Military 
AT27C010L-15KM 
32KW 
(-55°C to 125°C) 
AT27C010L-15LM 
32LW 


AT27C010L-15DM/883 
32DW6 
Military/883C 
AT27C010L-15KM/883 
32KW 
Class B, FUlly Compliant 
AT27C010L-15LM/883 
32LW 
(-55°C to 125) 
AT27C010L-17L1 
32LW 
AT27C010L-17PI 
32P6 
AT27C010L-1781 
328 


200 
25 
0.1 
AT27C01 OL-20DC 
32DW6 
Commercial 
AT27C010L-20JC 
32J 
WC 
to 70°C) 


AT27C01 OL-20KC 
32KW 
AT27C01 OL-20LC 
32LW 
AT27C010L-20PC 
32P6 
AT27C010L-20RC 
32R 


• 
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fAce 
Icc(mA) 
Ordering Code 
Package 
Operation Range 
(ns) 
Active 
Standby 


200 
30 
0.1 
AT27C010L-20DI 
32DW6 
Industrial 


AT27C010L-20JI 
32J 
(-40°C to 85°C) 


AT27C010L-20KI 
32KW 
AT27C010L-20Ll 
32LW 
AT27C010L-20PI 
32P6 
AT27C010L-20RI 
32R 


AT27C010L-20DM 
32DW6 
Military 


AT27C010L-20KM 
32KW 
(-55°C to 125°C) 


AT27C01 OL-20LM 
32LW 


AT27C010L-20DM/883 
32DW6 
Military/883C 


AT27C010L-20KM/883 
32KW 
Class S, Fully Compliant 


AT27C01 OL-20LM/883 
32LW 
(-55°C to 125°C) 


250 
25 
0.1 
AT27C010L-25DC 
32DW6 
Commercial 


AT27C010L-25JC 
32J 
(O°C to 70°C) 


AT27C010L-25KC 
32KW 
AT27C010L-25LC 
32LW 
AT27C01 OL-25PC 
32P6 


250 
30 
0.1 
AT27C01 OL-25DI 
32DW6 
Industrial 


AT27C010L-25JI 
32J 
(-40°C to 85°C) 


AT27C010L-25KI 
32KW 
AT27C010L-25L1 
32LW 
AT27C010L-25PI 
32P6 


AT27C010L-25DM 
32DW6 
Military 


AT27C010L-25KM 
32KW 
(-55°C to 125°C) 


AT27C010L-25LM 
32LW 


AT27C01 OL-25 DM/883 
32DW6 
Military/883C 


AT27C010L-25KM/883 
32KW 
Class S, Fully Compliant 


AT27C010L-25LM/883 
32LW 
(-55°C to 125°C) 


fAcc 
Icc(mA) 
Ordering Code 
Package 
Operation 
Range 
(ns) 
Active 
Standby 


120 
25 
0.1 
AT27C01 OL-12TC 
32T 
Commercial 
(0° to 70°C) 


150 
25 
0.1 
AT27C010L-15TC 
32T 
Commercial 
(0° to 70°C) 


Package Type 


32DW6 
32 Lead, 0.600· Wide, Windowed, Ceramic Duallnline 
Package (Cerdip) 


32J 
32 Lead, Plastic J·Leaded Chip Carrier OTP (PLCC) 


32KW 
32 Lead, Windowed, Ceramic J·Leaded Chip Carrier (JLCC) 


32LW 
32 Pad, Windowed, Ceramic Leadless Chip Carrier (LCC) 


32P6 
32 Lead, 0.600· Wide, Plastic Duallnline 
Package OTP (PDIP) 


32R 
32 Lead, 0.450· Wide, Plastic Gull Wing Small Outline OTP (SOIC) 


32T 
32 Lead, Plastic Thin Small Outline Package OTP (TSOP) 


AlmlL 


• 
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CDIP. PDIP. SOIC Top View 


vpp 
1 
32 
VCC 
Al. 
2 
31 
PGM 
A15 
3 
30 
NC 
A12 
• 
29 
Al' 
A7 
5 
28 
A13 
A. 
6 
27 
AS 
AS 
7 
2. 
A9 
A. 
8 
25 
All 
A3 
9 
2' 
OE 
A2 
10 
23 
Al0 
Al 
11 
22 
CE 
AO 
12 
21 
07 
00 
13 
20 
06 
01 
" 
19 
05 
02 
15 
18 
04 
GNO 
16 
17 
03 


TSOP Top View 
Type 1 


All 
0'2 
3231 
OE 
A9 
Al0 
CE 
A8 
3 
30 
A1. A13 
• 
5 
29 
07 
06 
28 


~~v~ 


6 
27 
05 
7 
2625 
~ 
~O 
8 
9 
A16 
10 
2423 
A15 
11 
22 
01 


A7A12 
12 
21 
00 
A6 
14'3 
20 
19 
A1 
AO 


AS 
A4 
16'5 
18 17 
A3 
A2 
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Features 


• 
Wide Power Supply Range, 3.0 VDC to 5.5 VDC 
• 
Compatible 
with JEDEC Standard AT27C010 
• 
Low Power 3·Vo" CMOS Operation 
100 pA max, Standby 
26 mW max. Active at 1 MHz for Vcc = 3.3 VDC 
138 mW max, Active at 5 MHz for Vcc = 5.5 VDC 
• 
Read Access Time· 
250 ns 
• 
Wide Selection of JEDEC Standard Packages Including OTP 
32·Lead 600-mll cerdlp and OTP Plastic DIP and SOIC 
32·Pad LCC, 32·Lead JLCC, OTP PLCC and TSOP 
• 
High Reliability CMOS Technology 
2000 V ESD Protection 
200 mA Latchup Immunity 
• 
Rapid Programming· 
100 J.LS/byte(typical) 
• 
Two-line Control 
• 
CMOS and TTL Compatible 
Inputs and Outputs 
• 
Integrated 
Product Identification 
Code 
• 
Commercial 
and Industrial Temperature 
Ranges 


Description 


The AT27LVOIO chip is a low power. low voltage 1,048,576 bit Ultraviolet 
Erasable and 
Electrically 
Programmable 
Read Only Memory (EPROM) organized as 128K x 8 bits. 
It 
requires only one supply in the range of 3.0 to 5.5 VDC in normal read mode operation, 
making it ideal for battery powered systems. 


With a typical power draw of only 18mW at 1 MHz and Vcc at 3.3 VDC, the AT27LVOIO 
will draw less than one-fifth the power of a standard 5-volt EPROM. 
Standby mode supply 
current is typically less than 10 ~. 


Pin Name 
Function 


AO-A16 
Addresses 


00-07 
Outputs 


CE 
Chip Enable 


OE 
Output Enable 


PGM 
Program Strobe 


NC 
No Connect 


"'2 A16 VCC NC 
A15VPP PGM 
• 
2 
32 
30 
11.7 
5 
3 
1 
31 29 
11.1. 
A6 
6 
28 
11.13 
A57 
27M 
A48 
26A9 
"'3 
9 
25 
11.11 
11.2 
10 
24 
DE 


'" 
11 
23 
A10 
AO 
12 
22 
CE 
00 
13 15 
17 
19 21 
07 
14 
16 
18 
20 
02 03 05 
01 GNO 04 
06 


1 Megabit 
(128K x 8) 
Low Voltage 
UV 
Erasable 
CMOS 
EPROM • 
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Description 
(Continued) 


The 
AT27LVOIO 
comes 
in a choice 
of industry 
standard 
JEDEC-approved 
through hole and surface mount packages in- 
cluding windowed 
and one time programmable 
(OTP) pack- 
ages, such as the OTP thin small outline package (TSOP). All 
devices feature two line control (CE, OE) to give designers the 
flexibility to prevent bus contention. 


The AT27L VOIOoperating with Vcc at 3.0 VDC produces 1TL 
level outputs that are compatible 
with standard 1TL logic de- 
vices operating at Vcc = 5.0 VDC. 


Atmel's 27LVOIO has additional features to ensure high quality 
and efficient 
production 
use. The Rapid Programming 
Algo- 
rithm reduces the time required to program the part and guaran- 
lees reliable programming. 
Programming 
time is typically only 
100 l!S/byte. The Integrated Product Identification 
Code elec- 
tronically identifies the device and manufacturer. This feature is 
used by industry standard programming 
equipment to select the 
proper programming algorithms and voltages. The AT27L VOIO 
programs identically as an AT27COIO. 


Erasure Characteristics 


The entire memory array of the AT27L VOIO is erased (all out- 
puts read as VOR) after exposure to ultraviolet light at a wave- 
length of 2537 A. Complete erasure is assured after a minimum 
of 20 minutes exposure using 12,000 lJ.W/cm2 intensity lamps 
spaced one inch away from the chip. Minimum erase time for 
lamps at other intensity ratings can be calculated from the min- 
imum integrated erasure dose of 15 W.sec/cm2. To prevent un- 
intentional erasure, an opaque label is recommended 
to cover 
the clear window on any UV erasable EPROM which will be 
subjected to continuous fluorescent indoor lighting or sunlight. 


Block Diagram 
vcc __ 
GND-- 
vpp -- 


OE 
CE 


PGM 


AO-A16[ 
ADDRESS 
INPUTS 
CELLMATRIX 


IDENTIFICATION 


Absolute Maximum Ratings· 


Temperature 
Under 
Bias 
-40oC to +8SoC 


Storage 
Temperature 
-6SoC to +12SoC 


Voltage 
on Any Pin with 
Respect 
to Ground 
-2.0 V to +7.0 V(1) 


Voltage 
on A9 with 
Respect 
to Ground 
-2.0 V to +14.0 V(1) 


Vpp Supply 
Voltage 
with 
Respect 
to Ground 
-2.0 V to +14.0 V(1) 


Integrated 
UV Erase 
Dose 
72S8 W'sec/cm2 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Notes: 
I. Minimum voltage is -0.6 V dc which may undershoot to -2.0 
V for pulses of less than 20 ns. Maximum output pin voltage 
is Vcr. + 0.75 V dc which may be exceeded if certain precau- 
tions are observed (consult application notes) and which may 
overshoot to +7.0 V for pulses of less than 20 ns. 


Mode 
\ Pin 
CE 
OE 
PGM 
Ai 
Vpp 
Vcc 
Outputs 


Read 
VIL 
VIL 
x(1) 
Ai 
X 
Vcc 
DOUT 


Output 
Disable 
X 
VIH 
X 
X 
X 
Vcc 
HighZ 


Standby 
VIH 
X 
X 
X 
X 
Vcc 
HighZ 


Fast Program(2) 
VIL 
VIH 
VIL 
Ai 
Vpp 
Vcc 
(2) 
DIN 


PGM Verify(2) 
VIL 
VIL 
VIH 
Ai 
Vpp 
Vcc 
(2) 
DOUT 


PGM Inhibit(2) 
VIH 
X 
X 
X 
Vpp 
Vcc 
(2) 
HighZ 


Product 
A9=VH (3) 
Vcc (2) 
Identification 
Identification(2).(4) 
VIL 
VIL 
X 
AO=VIH or VIL 
X 
Code 
A1-A16=VIL 


Notes: 
I. X can be VII.or Vrn. 
2. Refer to Progranuning characteristics. 
Progranuning 
modes require Vcr. > 4.5 V. 


3. VH= 12.0 ± 0.5 V. 


4. Two identifier bytes may be selected All Ai inputs are held 


low (VIl), except A9 which is set to VH and AOwhich is 
toggled low (VtL) to select the Manufacturer's 
Identification 
byte and high (Vrn) to select the Device Code byte. 


AT27LV010 


·25 
·30 


Operating Temperature 
Com. 
OOC-70°C 
OOC-70°C 


(Case) 
Ind. 
-40°C - 8SoC 
-40°C - 8SoC 


VCC Power Supply 
3.0 VtoS.S 
V 
3.0 Vto 5.5 V 


D.C. and Operating Characteristics for Read Operation 
(Vee = 3.0 V to 5.5 V unless otherwise specified) 
• 
Symbol 
Parameter 
Condition 
Mln 
Max 
Units 


III 
Input Load Current 
VIN = -0.1 V to Vcc+l 
V 
5 
J,IA 


ILO 
Output Leakage Current 
VOUT= -0.1 V to Vcc+O.l 
V 


, 


10 
J,IA 


IpP1 (2) 
Vpp (1) Read/Standby 
Current 
Vpp = Vcc-0.7 
V to Vcc+0.3 
V 
10 
J,IA 


ISB1(CMOS), 
100 
J,IA 


15B 
Vcc (1) Standby Current 
CE = Vcc-0.3 to Vcc+ 1.0 V 


15B2(TIL), 
CE=2.0 to Vcc+ 1.0 V 
1 
mA 


f = S MHz, lOUT= 0 mA, 
Com. 
25 
mA 
ICC1 
CE = Vll, Vcc = 5.5 V 
Ind. 
30 
mA 
Icc 
Vcc Active Current 
f = 1 MHz, lOUT= 0 mA 
Com. 
8 
mA 
ICC2 
CE = Vll, Vcc = 3.3 V 
Ind. 
10 
mA 


VIL 
Input Low Voltage 
-0.6 
0.8 
V 


VIH 
Input High Voltage 
. 


2.0 
Vcc+0.75 
V 
o. 
~- 
= 


VOL 
Output Low Voltage 
10L= 2.1 mA 
- 
- 
.45 
V 


VOH 
Output High Voltage 
10H= -100 J,IA 
Vcc-0.3 
V 


10H= -400 J,IA 
2.4 
V 


Notes: 1. Vcc must be applied simultaneously or before VPP. and 
2. Vpp may be connected directly to Vcc. except during program- 
removed simultaneously or after V pp. 
mingo The supply current would then be the sum of Ice and Ipp. 


AT27LV010 


-25 
-30 


Symbol 
Parameter 
Condition 
Min 
Max 
Min 
Max 
Units 


tACC(3) 
CE= 
OE = VIL 
Com. 
250 
270 
ns 
Address to Output Delay 
Ind. 
250 
270 
ns 
tCE (2) 
CE to Output Delay 
OE = VIL 
250 
300 
ns 
tOE (2,3) 
OE to Output Delay 
CE = VIL 
100 
150 
ns 
tOF (4.5) 
OE High to Output Float 
CE= 
VIL 
50 
50 
ns 


tOH 
Output Hold from Address, CE or OE, 
CE=OE 
0 
0 
whichever 
occurred first 
= VIL 
ns 


Notes: 
1. Timing measurement references are 0.8 V and 


2.0 V. Input AC driving levels are 0.45 V and 
2.4 V. See Input Test Waveforms and Measure- 
ment Levels. 
2. OE may be delayed up to teE-toEafter the fall- 
ing edge of CE without impact on teE. 


3. OE may be delayed up to tACe-toEafter the ad- 
dress is valid without impact on tACC. 


4. This parameter is only sampled and is not 100% 


tested. 


5. Output float is defmed as the point when data is 
no hnger driven. 


tDF 


CC 
tOH 


HIGH Z 
OUTPUT 
VALID 


2.4V 


AC < 
DRIVING 
LEVELS 
O.45V 


Output Test Load 


1.3Vt 


(1N914l 


3.3K 


OUTPUT 


PIN 
CL 


~ 
Note:CL=l00pF 
including jig capacitance. 


2.0 
AC 


MEASUREMENT 


0.8 
LEVEL 


Typ 
Max 
Units 
Conditions 


CIN 
4 
8 
pF 
VIN = 0 V 


COUT 
8 
12 
pF 
VOUT= 
0 V 


tAS 
YIH 


VlL 


6.5Y 


5.0Y 


13.0Y 


5.0Y 


VlH 


VlL 


VlH 


VlL 


YIH 


VlL 


Notes: 
1. The Input Timing Reference is 0.8 V for VlL and 
2.0 V for VIH. 


2. toE and tOFPare characteristics of the device but 
must be accommodated by the programmer. 


3. When programming the AT27LV010 a 0.1-1'1' 


capacitor is required across Vpp and ground to 
suppress spurious voltage transients. 


D.C. Programming Characteristics 


TA. 
25± 
5°C, Vcc. 
6.5 ± 0.25 V, Vpp = 13.0 ± 0.25 V 


Sym- 
Test 
Limits 
bol 
Parameter 
Conditions 
Min 
Max 
Units 


III 
Input Load Current 
V,N=V,L,V,H 
10 
!JA 


VIL 
Input Low Level 
(All Inputs) 
-0.6 
0.8 
V 


VIH 
Input High Level 
2.0 
Vcc+1 
V 


VOL 
Output 
Low Vo~. 
IOL=2.1mA 
.45 
V 


VOH 
Output 
High Vo~. 
IOH=-400f1A 
2.4 
V 


ICC2 
Vcc Supply 
Current 
40 
mA 
(Program 
and Verify) 


IpP2 
Vpp Supply 
CE=PGM=V,L 
20 
mA 
Current 


A9 Product 


VIO 
Identification 
11.5 
12.5 
V 


Vo~age 


A.C. Programming Characteristics 


TA = 25 ± 5°C, Vcc = 6.5 ± 0.25 V, Vpp = 13.0 ± 0.25 V 


Test 


Sym- 
Conditions' 
Limits 


bol 
Parameter 
(see Note 1) 
Min 
Max Units 


IAs 
Address 
Setup Time 
2 
I1S 


tCES 
CE Setup Time 
2 
I1S 


tOES 
OE Se1up Time 
2 
I1S 


tos 
Data Setup Time 


v 
2 
I1S 


IAH 
Address 
Hold Time 
0 
fLs 


tOH 
Data Hold Time 
2 
fLs 


tOFP 
OE High to Out- 
(Note 2) 
0 
130 
ns 
put Floa1 Delay 


tvps 
Vpp Setup Time 
2 
fLs 


tvcs 
Vcc Setup Time 
2 
fLs 


tpw 
PGM 
Program 
(Note 3) 
95 
105 
I1S 
Pulse Width 


tOE 
Data Valid from OE 
150 
ns 


*A.C. Conditions of Test 
Input Rise and Fall Times (10% to 90%) 
20 ns 
Input Pulse Levels 
0.45 V to 2.4 V 


Input Timing Reference Level 
0.8 V to 2.0 V 


Output Timing Reference Level 
0.8 V to 2.0 V 


Notes: 
I. 
Vcc must be applied simultaneously or before Vpp and removed 
simultaneously or after Vpp. 
2. 
This parameter is only sampled and is not 100% tested. 
Output Float is defmed as the point where data is no longer 
driven - 
see timing diagram. 


3. 
Program Pulse width tolerance is I()()llSec± 5%. 


Atmel's 27LV01 0 Integrated 
Product Identification Code(1) 


Pins 
Hex 
Codes 
AO 
07 
06 
05 
04 
03 
02 
01 
00 
Data 


Manufacturer 
0 
0 
0 
0 
1 
1 
1 
1 
0 
1E 


Device Type 
1 
0 
0 
0 
a 
0 
1 
0 
1 
05 


Note: 
1. The AT27LVOI0 has the same Product Identification 


Code as the AT27COIO/L. Both are programming 


compatible. 
• 
Rapid Programming Algorithm 
• 


A 100 ~ 
PGM pulse width is used to program. The address is 


set to the first location. Vcc is raised to 6.5 V and Vpp is raised 
to 13.0 V. Each address is fIrst programmed 
with one 100 ~ 


PGM pulse without 
verification. 
Then a verification! 
repro- 
gramming loop is executed for each address. In the event a byte 
fails to pass verifIcation, up to 10 successive 
100 ~ 
pulses are 


applied with a verifIcation after each pulse. If the byte fails to 
verify after 10 pulses have been applied, the part is considered 
failed. After the byte verifIes properly, the next address is se- 
lected until all have been checked. Vpp is then lowered to 5.0 V 
and Vcc to 5.0 V. All bytes are read again and compared with 
the original data to determine if the device passes or fails. 
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NORMALIZED 
SUPPLY CURRENT 
YS. FREQUENCY 


Temp = 2S'C, lOUT = 0, CE = VIL 


N 
0 
u 
r 
m ,. 
a 
I 
2.5 
i 
z 
e 
• .5 


d 


N 
... 


0 
r 
..• 
m 
a 
... 
I 
i 
•• 
z 
e 
•.7 
d 


VCC 
3.3 V 


~ 


VCC 
S.OY 
- 


NORMALIZED 
ACCES TIME 
YS. SUPPLY VOLTAGE 


Temp = 2S'C 


12 


N 
0 
1.1 
r 
m .~ 
a 
... 
I 
i 
•• 
z 
e 
•.7 
d 


\\\" 


.....i'... - 


OUTPUT SOURCE CURRENT 
YS. OUTPUT VOLTAGE 


Temp =2S'C 


C 
U 
15 
r 
r 
.2 
e 
n 
I 


NORMALIZED 
SUPPLY CURRENT 
YS, VOLTAGE 


Temp = 2S'C, lOUT = 0, CE = VIL 


0 


,.5 


r ,.• 
m 
a 
2.' 


J 
2.• 
j 


Z 
u 
e 
I.• 
f= 1 MHz 
d 
• .5,. 
,. ~...• ... 
•• ..• 


NORMALIZED 
SUPPLY CURRENT 
YS, TEMP. 


Frequency = 1 MHz, lOUT = 0 
---- 


VCC 
S.OV 
"- 


VCC 
3.3V 


N 
o 
r 
m 
2.0 
a 
I 
i 
z 
e 
d 


OUTPUT SINK CURRENT 
YS. OUTPUT VOLTAGE 


Temp = 2S'C 


C =S.OV 
C 
u 
r 
30 


r 
e 
20 
n 
I 


Icc(mA) 
lAcc 
Vcc = 3.3 V 
Ordering Code 
Package 
Operation 
Range 
(ns) 
Active 
Standby 


250 
8 
0.1 
AT27LV010-250C 
320W6 
Commercial 
AT27LV010-25KC 
32KW 
(O'C to 70'C) 


AT27LV010-25LC 
32LW 


250 
10 
0.1 
AT27LV010-2501 
320W6 
Industrial 
AT27LV010-25L1 
32LW 
(-40'C to 85'C) 


300 
8 
0.1 
AT27L V01 0-300C 
320W6 
Commercial 
AT27LV010-30JC 
32J 
(O'C to 70'C) 
AT27L V01 0-30KC 
32KW 
AT27LV010-30LC 
32LW 
AT27LV010-30PC 
32P6 
AT27LV010-30RC 
32R 


300 
10 
0.1 
AT27LV010-30DI 
32DW6 
Industrial 
AT27L V01 0-30Ll 
32LW 
(-40'C to 85'C) • 


ICC(mA) 


lAcc 
Vcc = 3.3 V 
Ordering Code 
Package 
Operation 
Range 


(ns) 
Active 
Standby 


250 
8 
0.1 
AT27L VO10-25TC 
32T 
Commercial 
(O'C to 70'C) 


300 
8 
0.1 
AT27LV010-30TC 
32T 
Commercial 
(O'C to 70'C) 


Package 
Type 


32DW6 
32 Lead, 0.600· Wide, Windowed, Ceramic Duallnline 
Package (Cerdip) 


32J 
32 Lead, Plastic J-Leaded Chip Carrier OTP (PLCC) 


32KW 
32 Lead, Windowed, Ceramic J-Leaded Chip Carrier (JLCC) 


32lW 
32 Pad, Windowed, Ceramic Leadless Chip Carrier (LCC) 


32P6 
32 Lead, 0.600· Wide, Plastic Duallnline 
Package OTP (PDIP) 


32R 
32 Lead, 0.450· Wide, Plastic Gull Wing Small Outline OTP (SOle) 


321 
32 Lead, Plastic Thin Small Outline Package OTP (TSOP) 
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Features 


• 
Low Power CMOS Operation 
100 J.1A max. Standby 
30 mA max. Active 
at 5 MHz 


• 
Fast Read Access 
Time ·100 
ns 
• 
Wide Selection 
of JEDEC Standard 
Packages 
Including 
OTP 
4O-Lead 6Oo-mll cerdlp 
and OTP Plastic 
DIP 
44-Pad 
LCC and OTP PLCC 


• 
5 V ± 10"k Power 
Supply 


• 
High Reliability 
CMOS Technology 


2000 V ESD Protection 
200 mA Latchup 
Immunity 


• 
Rapid Programming 
- 100 IlS!word 
(typical) 


• 
Two-line 
Control 


• 
CMOS and TTL Compatible 
Inputs 
and Outputs 


• 
Integrated 
Product 
Identification 
Code 
• 
Full Military, 
Commercial 
and Industrial 
Temperature 
Ranges 


Description 


The AT27C1024 
is a low-power, 
high performance 
1,048,576 bit Ultraviolet 
Erasable and 


Electrically 
Programmable 
Read Only Memory (EPROM) organized 64K x 16. It requires 


only one 5-V power supply in normal read mode operation. Any word can be accessed in less 
than 100 ns, eliminating 
the need for speed reducing WAlT states. 
The by-16 organization 


make this part ideal for high-performance 
16 and 32 bit microprocessor 
systems. 


In read mode, the AT27C1024 
typically consumes 
15 mA. Standby mode supply current is 


typically less than 10 !LA. 


The AT27C 1024 come in a choice of industry standard JEDEC-approved 
packages includ- 


ing; 4O-pin DIP in ceramic or one time programmable 
(OTP) plastic, and 44-pad ceramic 


leadless chip carrier (LCC), or OTP plastic J-leaded chip carrier (pLCC). All devices feature 
two line control (CE, OE) to give designers the flexibility to prevent bus contention. 


With high density 64K word storage capability, the AT27C1024 allow frrmware to be stored 
reliably and to be accessed by the system without the delays of mass storage media. 


Atrnel's 27C 1024 have additional features to ensure high quality and efficient production use. 
The Rapid Programming 
Algorithm reduces the time required to program the part and guar- 


antees reliable programming. 
Programming 
time is typically only 100 !!S/word. The Inte- 


grated Product Identification Code electronically 
identifies the device and manufacturer. This 


feature is used by industry standard programming 
equipment to select the proper program- 


ming algorithms and voltages. 


1 Megabit 
(64K x 16) 
UV 
Erasable 
CMOS 
EPROM 


013 
015 
VPP VCC NC 
Al. 
014 CE NC PGM A15 


642444240 
012 
7 
5 
3 
1 
43.' 
39 
A13 
011 
8 
38 
A12 
010 
9 
37 
All 
09 
10 
36 
Al0 
08 
11 
35 
A9 
GND 
12 
34 
GNO 
NC 
13 
33 
NC 
07 
14 
32 
AS 
06 
15 
31 
A7 
05 
16 
30 
N3 
04 
17 19 21 
23 
25 27 29 
AS 
18 20 22 24 26 
28 


02 
00 
NC Al 
A3 
03 01 
OE N) 
1\2. 
M 


1 
40 
2 
39 


3 
38 
• 
37 
5 
3. 
• 
35 
7 
34 
8 
33 
9 
32 
10 
31 
11 
30 
12 
29 
13 
28 
,. 
27 


15 
26 


" 
25 
17 
24 
18 
23 
19 
22 
20 
21 


Pin Name 
Function 


AO-AI5 
Addresses 


00-015 
Outputs 


CE 
Chip 
Enable 


OE 
Output 
Enable 


PGM 
Program 
Strobe 


NC 
No Connect 
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Erasure Characteristics 


The entire memory array of the AT27CI024 
is erased (all out- 


puts read as VOR) after exposure to ultraviolet light at a wave- 
length of 2537 A. Complete erasure is assured after a minimum 
of 20 minutes exposure using 12,000 flW/cm2 intensity lamps 
spaced one inch away from the chip. 
Minimum erase time for 


lamps at other intensity ratings can be calculated from the min- 
imum integrated erasure dose of 15 W.sec/cm2. To prevent un- 
intentional erasure, an opaque label is recommended 
to cover 


the clear window on any UV erasable EPROM which will be 
subjected to continuous 
fluorescent indoor lighting or sunlight. 


Temperature 
Under Bias 
-55°C to +125°C 


Storage 
Temperature 
-65°C to +150oC 


Voltage 
on Any Pin with 


Respect 
to Ground 
-2.0 V to +7.0 V(1) 


Voltage 
on A9 with 


Respect 
to Ground 
-2.0 V to +14.0 V(1) 


Vpp Supply 
Voltage 
with 
Respect 
to Ground 
-2.0 V to +14.0 V(1) 


Integrated 
UV Erase 
Dose 
7258 W·sec/cm2 
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Block Diagram 
vcc __ 
GND __ 


vpp -- 


Y-GATING 


CELLMATRIX 


IDENTIFICATION 


OE 
CE 
PGM 


AO-A1S[ 
ADDRESS 
INPUTS 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 


mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Notes: 
1. Minimum voltage is -0.6 V dc which may undershoot to -2.0 V 


for pulses of less than 20 ns. Maximum output pin voltage is 
Vcc+O.75 V dc which may overshoot to +7.0 V for pulses of 
less than 20 ns. 


Mode \ Pin 
CE 
OE 
PGM 
Ai 
Vpp 
Vcc 
Outputs 


Read 
VIL 
VIL 
X(1) 
Ai 
X 
Vcc 
DOUT 


Output 
Disable 
X 
VIH 
X 
X 
X 
Vcc 
HighZ 


Standby 
VIH 
X 
X 
X 
XIS) 
Vcc 
HighZ 


Rapid Program(2) 
VIL 
VIH 
VIL 
Ai 
Vpp 
Vcc 
DIN 


PGM Verify 
VIL 
VIL 
VIH 
Ai 
Vpp 
Vcc 
DOUT 


PGM Inhibit 
VIH 
X 
X 
X 
Vpp 
Vcc 
HighZ 


Product 
Identification(4) 
A9=VH (3) 
Identification 
VIL 
VIL 
X 
AO=VIHor VIL 
Vcc 
Vcc 
Code 
A1-A15=VIL 


Notes: 
1. X can be VILor Vrn. 
2. Refer to Programming characteristics. 
3. VH=12.0±0.5V. 
4. Two identifier bytes may be selected. All Ai inputs 
are held low (VIl), except A9 which is set to VH 


and AOwhich is toggled low (VIL)to select the Manufacturer's 
Identification byte and high (Vrn) to select the Device Code 
byte. 


5. Standby Va; current (ISB)is specified with Vpp=Va;. Va; > 


Vppwill cause a slight increase in IsB. 


AT27C1024 


-10 
·12 
-15 
·20 


Operating 
Com. 
OOC-70°C 
OOC-70°C 
OOC-70°C 
OOC-70°C 


Temperature 
Ind. 
-40°C - 85°C 
-40°C - 85°C 
-40°C - 85°C 


(Case) 
Mil. 
-55°C - 125°C 
-55°C - 125°C 
-55°C - 12SOC 


Vcc Power Supply 
5V±5% 
5V±10% 
5 V± 10% 
5V±10% 


Symbol 
Parameter 
Condition 
Mln 
Max 
Units 


III 
Input Load Current 
VIN = -0.1 V to Vcc+1 V 
5 
lJ,A 


ILO 
Output Leakage Current 
VOUT=-0.1 
VtoVcc+0.1 
V 
10 
lJ,A 


IpPl (2) 
Vpp (1) Read/Standby 
Current 
Vpp = 3.8 to Vcc+0.3 
V 
10 
lJ,A 


ISBI (CMOS) 
100 
lJ,A 


ISB 
Vcc 
(1) Standby Current 
CE = Vcc-0.3 to Vcc+ 1.0 V 


ISB2(TIL) 
1 
mA 
CE=2.0toVcc+1.0V 


Icc 
Vcc Active Current 
f = 5 MHz,loUT = 0 mA, 
Com. 
30 
mA 


CE= 
VIL 
Ind.,Mil. 
40 
mA 


VIL 
Input Low Voltage 
-0.6 
0.8 
V 


VIH 
Input High Voltage 
2.0 
Vcc+0.75 
V 


VOL 
Output Low Voltage 
IOL= 2.1 mA 
.45 
V 


IOH= -100 lJ,A 
Vcc-0.3 
V 


VOH 
Output High Voltage 
IOH= -2.5 mA 
3.5 
V 


IOH= -400 lJ,A 
2.4 
V 


Notes: 1. Vcc must be applied simultaneously or before Vpp, 
and removed simultaneously or after Vpp. 


2. Vpp may be connected directly to Vcc. except during program- 


ming. The supply current would then be the sum of Ice and IpP. 


AT27C1024 


-10 
·12 
-15 
-20 


Symbol 
Parameter 
Condition 
Min 
Max 
Min 
Max 
Min 
Max 
Min 
Max 
Units 


tACC(3) 
Address to 
CE=OE 
Com. 
100 
120 
150 
200 
ns 
Output Delay 
= VIL 
Ind.,Mil. 
120 
150 
200 
ns 
tCE (2) 
CE to Output Delay 
OE = VIL 
100 
120 
150 
200 
ns 
tOE (2,3) 
OE to Output Delay 
CE = VIL 
30 
35 
65 
75 
ns 


tDF (4,5) 
OE Highto 
CE = VIL 
30 
30 
40 
55 
ns 
Output Float 


Output H~frorrL 
CE=OE 
tOH 
Address, CE or OE, 
= VIL 
0 
0 
0 
0 
ns 
whichever occurred first 
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tDF 


CC 
tOH 


Notes: 
1. Timing measurement references are 0.8 V and 


2.0 V. Input AC driving levels are 0.45 V and 
2.4 V. unless otherwise specified. 


2. OE may be del~ 
up to teE-toE after the 


falling edge of CE without impact on teE. 


3. OE may be delayed up to tACe-toEafter the 


address is valid without impact on tAce. 


4. This parameter is only sampled and is not 


100% tested. 
5. Output float is defmed as the point when data is 


no longer driven. 


HIGH 
Z 
OUTPUT 
VALID 


2.4V 


DR~V~NG< 
LEVELS 


0.45V 


tR.lF< 20ns (10% to 90%) 


2.0 
AC 


MEASUREMENT 


O.B 
LEVEL 


Output Test Load 


1.3V 


~ 


(1N914) 


3.3K 
OUTPUT 


PIN 
CL 
T 
Note: 
CL= 100pF 
9 
includingjig capacitance. 


Input Test Waveforms 
and Measurement 
Levels 


Typ 
Max 
Units 
Conditions 


CIN 
4 
8 
pF 
VIN = OV 


COUT 
8 
12 
pF 
VOUT= 
OV 


VIH 
ADDRESS 
VIL 


ADDRESS 
STABLE 


'AS 
'DE 
DATA 
VIH 


VIL 
IDH 


VCC 
6.5V 


5.QV 
,ves 


VPP 
13.QV 


5.QV 
,VPS 


VIH 
CE 
VIL 


ICES 


PGM 
VlH 


VlL 


OE 


VIH 


VlL 


Notes: 
1. The Input Timing Reference is 0.8 V for VILand 


2.0 V for Vrn. 


2. toE and tDFPare characteristics of the device but 


must be accommodated by the programmer. 


3. When programming the AT27CI024 a O.l,u' 


capacitor is required across Vpp and ground to 
suppress spurious voltage transients. 


D.C. Programming 
Characteristics 


TA = 25 ± 5°C, Vcc = 6.5 ± 0.25 v, Vpp - 13.0 ± 0.25 V 


Sym- 
Test 
Llmhs 


bol 
Parameter 
Condhlons 
Min 
Max 
Unhs 


III 
Input Load 
VIN=VIL.VIH 
10 
IIA 
Current 


VIL 
Input Low Level 
(All Inputs) 
-0.6 
0.8 
V 


VIH 
Input High Level 
2.0 
Vcc+0.3 
V 


VOL 
Output 
Low Volt. 
IOL=2.1mA 
.45 
V 


VOH 
Output 
High Volt. 
100=-400.,A 
2.4 
V 


ICC2 
Vcc Supply 
Current 
50 
mA 
(Program 
and Verify) 


IpP2 
Vpp Supply 
CE=PGM=VIL 
30 
mA 
Current 


A9 Product 
VIO 
Identification 
11.5 
12.5 
V 
Voltage 


A.C. Programming 
Characteristics 


TA = 25 ± 5°C, Vce = 6.5 ± 0.25 V, Vpp = 13.0 ± 0.25 V 


Test 
Sym- 
Condhlons' 
Llmhs 


bol 
Parameter 
(see Note 1) 
Min 
Max Unhs 


lAs 
Address 
Setup Time 
2 
fls 


tCES 
CE Setup Time 
2 
fls 


tOES 
OE Setup Time 
2 
f'S 


tos 
Data Setup Time 
2 
f'S 


lAH 
Address 
Hold Time 
0 
f'S 


tOH 
Data Hold Time 
2 
f'S 


tOFP 
OE High to Out- 
(Note 2) 
0 
130 
ns 
put Float Delay 


tvps 
Vpp Setup Time 
2 
f'S 


tvcs 
Vee Setup Time 
2 
f'S 


tpw 
PGM 
Program 
(Note 3) 
95 
105 
f'S 
Pulse Width 


tOE 
Data Valid from OE 
150 
ns 


*A.C. Conditions of Test 
Input Rise and Fall Times (10% to 90%) 
20 ns 
Input Pulse Levels 
0.45 V to 2.4 V 
Input Timing Reference Level 
0.8 V to 2.0 V 
Output Timing Reference Level 
0.8 V to 2.0 V 


Notes: 


1. 
Vcc must be applied simultaneously 
or before 
Ypp and removed 
si- 


multaneouslyor 
after Ypp. 
2. 
This parameter 
is only sampled 
and is not 100% tested. 


Output Float is defmed 
as the point where data is no longer 
driven - 
see timing diagram. 


3. 
Program 
Pulse width tolerance 
is !OO ll<ec ± 5%. 
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Atmel's 27C1024 Integrated 
Product Identification 
Code 


Pins 
Hex 


Codes 
AO 015-08 07 06 05 04 03 02 01 00 Data 


Manufacturer 
0 
0 
0 
0 
0 
1 
1 
1 
1 
o 
001E 


Device Type 
1 
0 
1 
1 
1 
1 
0 
0 
0 
1 
00F1 


Rapid Programming 
Algorithm 


A 100 IJSPGM pulse width is used to program. The address is _ 
set to the first location. Vcc is raised to 6.5 V and Vpp is raised 
.- 
to 13.0 V. Each address is fIrst programmed 
with one 100 IJS 


PGM pulse without verifIcation. 
Then a verification I repro- 


gramming loop is executed for each address. In the event a word 
fails to pass verifIcation, up to 10 successive 
100 IJSpulses are 
applied with a verifIcation after each pulse. If the word fails to 
verify after 10 pulses have been applied, the part is considered 
failed. After the word verifIes properly, the next address is se- 
lected until all have been checked. Vpp is then lowered to 5.0 V 
and Vcc to 5.0 V. All words are read again and compared with 
the original data to determine if the device passes or fails. 


lAcc 
Icc(mA) 
Ordering Code 
Package 
Operation 
Range 
(ns) 
Active 
Standby 


100 
30 
0.1 
AT27C1 024-1 ODC 
40DW6 
Commercial 


AT27C1024-10KC 
44KW 
(O°C to 70°C) 


AT27C1024-10LC 
44LW 


120 
30 
0.1 
AT27C1024-12DC 
40DW6 
Commercial 


AT27C 1024-12JC 
44J 
(O°C to 70°C) 


AT27C1024-12KC 
44KW 
AT27C1024-12LC 
44LW 
AT27C1024-12PC 
44P6 


120 
40 
0.1 
AT27C1024-12DI 
40DW6 
Industrial 


AT27C 1024-12JI 
44J 
(-40°C to 85°C) 
. 
AT27C1024-12KI 
44KW 
AT27C1024-12L1 
44LW 
AT27C1024-12PI 
44P6 


AT27C1024-12DM 
40DW6 
Military 


AT27C1024-12KM 
44KW 
(-55°C to 125°C) 


AT27C1024-12LM 
44LW 


AT27C 1024-12 DM/883 
40DW6 
Military/883C 


AT27C 1024-12KM/883 
44KW 
Class S, Fully Compliant 


AT27C1024-12LM/883 
44LW 
(-55°C to 125°C) 


150 
30 
0.1 
AT27C1024-15DC 
40DW6 
Commercial 


AT27C1024-15JC 
44J 
(O°C to 70°C) 


AT27C1024-15KC 
44KW 
AT27C 1024-15LC 
44LW 
AT27C1024-15PC 
40P6 


150 
40 
0.1 
AT27C1024-15DI 
40DW6 
Industrial 


AT27C1024-15JI 
44J 
(-40°C to 85°C) 


AT27C1024-15KI 
44KW 
AT27C1024-15L1 
44LW 
AT27C1024-15PI 
40P6 


AT27C1024-15DM 
40DW6 
Military 


AT27C1024-15KM 
44KW 
(-55°C to 125°C) 


AT27C1024-15LM 
44LW 


AT27C1024-15DM/883 
40DW6 
Military/883C 


AT27C 1024-15KM/883 
44KW 
Class S, Fully Compliant 


AT27C 1024-15LM/883 
44LW 
(-55°C to 125°C) 


200 
30 
0.1 
AT27C1024-20DC 
40DW6 
Commercial 


AT27C1024-20JC 
44J 
(O°C to 70°C) 


AT27C 1024-20KC 
44KW 
AT27C 1024-20LC 
44LW 
AT27C1024-20PC 
40P6 


200 
40 
0.1 
AT27C1024-20DI 
40DW6 
Industrial 


AT27C1024-20JI 
44J 
(-40°C to 85°C) 


AT27C1024-20KI 
44KW 
AT27C1024-20Ll 
44LW 
AT27C 1024-20 PI 
40P6 


lAce 
Icc(mA) 
Ordering Code 
Package 
Operation 
Range 
(ns) 
Active 
Standby 


200 
40 
0.1 
AT27C1024-20DM 
40DW6 
Military 
AT27C1024-20KM 
44KW 
(-55°C to 125°C) 
AT27C1024-20LM 
44LW 


AT27C1 024-20 DM/883 
40DW6 
Military1883C 
AT27C 1024-20KM/883 
44KW 
Class B, Fully Compliant 
AT27C1024-20LM/883 
44LW 
(-55°C to 125°C) 


120 
60 
0.1 
5962-86805 
06 ax 
40DW6 
Military/883C 
5962-86805 
06 xx 
44LW 
Class B, Fully Compliant 
(-55°C to 125°C) 


150 
60 
0.1 
5962-86805 
05 ax 
40DW6 
Military/883C 
5962-86805 
05 xx 
44LW 
Class B, Fully Compliant 
(-55°C to 125°C) 


170 
60 
0.1 
5962-86805 
04 ax 
40DW6 
Military/883C 
5962-8680504 
xx 
44LW 
Class B, Fully Compliant 
(-55°C to 125°C) 


200 
60 
0.1 
5962-86805 
03 ax 
40DW6 
Military/883C 
5962-86805 
03 xx 
44LW 
Class B, Fully Compliant 
(-55°C to 125°C) 


250 
60 
0.1 
5962-86805 
02 ax 
40DW6 
Military/883C 
5962-86805 
02 xx 
44LW 
Class B, Fully Compliant 
(-55°C to 125°C) 


300 
60 
0.1 
5962-86805 
01 ax 
40DW6 
Military/883C 
5962-86805 
01 xx 
44LW 
Class B, Fully Compliant 
(-55°C to 125°C) 


Package 
Type 


40DW6 
40 Lead, 0.600· Wide, Windowed, Ceramic Dual Inline Package (Cerdip) 


44J 
44 Lead, Plastic J-Leaded Chip Carrier OTP (PLCC) 


44KW 
44 Lead, Windowed, Ceramic J·Leaded Chip Carrier (JLCC) 


44LW 
44 Pad, Windowed, Ceramic Leadless Chip Carrier (LCC) 


40P6 
40 Lead, 0.600· Wide, Plastic Duallnline 
package OTP (PDIP) 
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Features 


• 
Very Fast Read Access Time - 55ns 
• 
Low Power CMOS Operation 
8 mA max. Standby 
80 mA max. Active at 10 MHz 
• 
Wide Selection of JEDEC Standard Packages 
Including OTP 
4O-Lead 6OO·mll Cerdlp and OTP Plastic 
44-Pad 
LCC and OTP PLCC 
• 
High OUtput Drive capability 
• 
High Reliability 
CMOS Technology 
2000 V ESD Protection 
200 mA Latchup Immunity 
• 
Rapid Programming 
- 100 ~s/word(typical) 
• 
Two-line Control 
• 
CMOS and TTL Compatible 
Inputs and Outputs 
• 
Integrated Product Identification 
COde 
• 
Full Military, Industrial and Commercial 
Temperature 
Ranges 


Description 
< 


The AT27HCI024 
chip is a high-speed, 
low-power 
1,048,576 bit UltravioJet,Er 
Electrically 
Programmable 
Read Only Memory (EPROM) organized 
as 64K"x,,1 
requires only one 5-V power supply in normal read mode operatio 
y W0tl!q" 


cessed in less than 55 ns, eliminating 
the need for speed reducing 
s. ", 


organization 
makes these parts ideal for high-performance 
16 a9d 32 
digital signal processor systems. 
,( 


In read mode, the AT27HCI024 
typically consumes 50 mA, W 


current is typically less than I mA. 


The AT27HC I024 come in a choice of industry standard JE 
ing; 40-pin DIP in ceramic or one time progrpjl1mable (0 
leadless chip carrier (LCC), or OTP plastic J-I~ 
chip carrierCC). 
All devices feature 
two line control (CE, OE) to give design~rs the·l1~,(lbility·· 
vent bus contention. 


With high density 64K word storage"cllpability, 
the A , ,,' 
CI024 
allows firmware to be 


stored reliably and to be accesse 
' 
withOlJt'the delays of mass storage media. 
The AT27HC 1024 has exception 
ut <kvice capability- 
source 4 mA and sink 


16mA per output. 


Preliminary 


Pin Name 
Function .•I"" 


AO-A15 
Addresses 


00-015 
Outputs 


CE 
Chip Enable 


OE 
Output Enable 


PGM 
Program Strobe 


NC 
No Connect 


[ 
1 
40 
[ 
2 
3. 
3 
38 
4 
37 
• 
36 
6 
3. 
7 
34 
8 
33 
• 
32 
10 
31 
11 
30 
12 
29 
13 
28 
14 
27 
,. 
26 
16 
25 
17 
24 


'8 
23 
,. 
22 
20 
21 


013 015 
VPP VCC NC 
A14 
014 CE NC PGM A1S 


642444240 
012 
7 
5 
3 
1 
43 
41 39 
A13 
011 
8 
38 
A12 
010 
9 
37 
All 
09 
10 
36 
Al0 
08 
11 
35 
A9 
GND 
12 
34 
GND 
NC 
13 
33 
NC 
07 
14 
32 
AS 
06 
15 
31 
A7 
05 
16 
30 
M 
04 
17 
19 
21 
23 
25 
27 
29 
Nt> 
18 20 
22 24 26 
28 
02 
00 
NC A1 
A3 
03 
01 
OE 
AD 
A2 
oM 
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Description 
(Continued) 


Atmel's 27HC1024 
has additional features to ensure high qual· 
ity and efficient production use. The Rapid Programming 
Algo· 
rithm reduces the time required to program the part and guaran- 
tees reliable programming. 
Programming 
time is typically only 
100 JlS/word. Atmel's high speed single transistor floating poly 
EPROM cell technology also speeds up programming 
by elimi· 
nating the second program "Os" operation required for two tran· 
sistor per cell designs. The AT27HC 1024 uses the same widely 
accepted programming 
algorithm as the AT27CI024. 
The Inte· 
grated Product Identification 
Code electronically 
identifies the 
device and manufacturer. 
This feature is used by industry stan- 
dard programming 
equipment to select the proper programming 
algorithms and voltages. 


The entire memory array of the AT27HC 1024 is erased (all out- 
puts read as VOH) after exposure to ultraviolet light at a wave· 
length of 2537 A. Complete erasure is assured after a minimum 
of 20 minutes exposure using 12,000 ",W/cm2 intensity lamps 
spaced one inch away from the chip. Minimum erase time for 
lamps at other intensity ratings can be calculated from the min- 
imum integrated erasure dose of 15 W.sec/cm2. To prevent un· 
intentional erasure, an opaque label is recommended 
to cover 
the clear window on any UV erasable EPROM which will be 
subjected to continuous 
fluorescent indoor lighting or sunlight. 


Block Diagram 
vcc __ 
GND __ 
vpp-- 


DATAOUTPUTS 
00-015 


OE 
CE 
PGM 


AO-A15[ 
ADDRESS 
INPUTS 


Y-GATING 


CELLMATRIX 


IDENTIFICATION 


Temperature 
Under Bias 
-55°C to +125°C 


Storage 
Temperature 
·65°C to +150oC 


Voltage 
on Any Pin with 
Respect 
to Ground 
-2.0 V to +7.0 V(l) 


Voltage 
on A9 with 
Respect 
to Ground 
-2.0 V to +14.0 V(1) 


Vpp Supply 
Voltage 
with 
Respect 
to Ground 
-2.0 V to +14.0 V(1) 


Integrated 
UV Erase 
Dose 
7258 W·sec/cm2 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de· 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 
Notes: 
1. Minimum voltage is -0.6 V dc which may undershoot to ·2.0 V 
for pulses of less than 20 ns. Maximum output pin voltage is 
Vcc+O.75 V dc which may overshoot to +7.0 V for pulses of 
less than 20 ns. 


Mode\Pln 
CE 
OE 
PGM 
Ai 
Vpp 
Vcc 
Outputs 


Read 
VIL 
VIL 
X(1) 
Ai 
X 
Vcc 
Dour 


Output 
Disable 
X 
VIH 
X 
X 
X 
Vcc 
HighZ 


Standby 
VIH 
X 
X 
X 
X(5) 
Vcc 
HighZ 
- 


Rapid Program(2) 
VIL 
VIH 
VIL 
Ai 
Vpp 
Vcc 
DIN 


PGM Verify 
VIL 
VIL 
VIH 
Ai 
Vpp 
Vcc 
DOUT 


PGM Inhibit 
VIH 
X 
X 
X 
Vpp 
Vcc 
HighZ 


Product 
Identification(4) 
A9=VH (3) 
Identification 
VIL 
VIL 
X 
AO=VIH or VIL 
Vcc 
Vcc 
Code 
A1·A15=VIL 


Notes: 
1. X can be VII.or Vrn. 
2. Refer to Progranuning characteristics. 
3. VH= 12.0 ± 0.5 V. 
4. Two identifier bytes may be selected. An Ai inputs 
are held low (VIL),except A9 which is set to VH 


and AOwhich is toggled low (VIL)10 select the Manufacturer's 
Identification byte and high (Vrn) to select the Device Code 
byte. 
5. Standby Vcc current (ISB)is specified with Vpp=Ncc. Vcc > 
Vppwill cause a slight increase in ISB. 


AT27HC1024 
·55 
·70 
·90 


Operating 
Com. 
OOC-70°C 
OOC-70°C 
OOC·70oC 


Temperature 
Ind. 
-40°C - SSoC 
-40°C - 85°C 


(Case) 
Mil. 
-55°C - 12SOC 
-55°C - 125°C 


Vcc Power Supply 
5V±5% 
5 V± 10% 
5 V± 10% • 


Symbol 
Parameter 
COndition 
Mln 
Max 
Units 


III 
Input Load Current 
VIN = -0.1 V to Vcc+1 V 
5 
~ 


ILO 
Output Leakage Current 
VOUT= -0.1 V to Vcc+0.1 
V 
10 
~ 
IpP1 (2) 
Vpp (1) Read/Standby 
Current 
Vpp = 3.8 to Vcc+0.3 
V 
10 
~ 


1581(CMOS) 
Com. 
8 
mA 


158 
Vcc (1) Standby Current 
CE = Vcc-0.3 to Vcc+ 1.0 V 
Ind., Mil. 
10 
mA 


1582(TIL) 
Com. 
17 
mA 


CE = 2.0 to Vcc+1.0 
V 
Ind., Mil. 
20 
mA 


Icc 
Vcc Active Current 
f = 10 MHz,loUT = 0 mA, 
Com. 
80 
mA 


CE= 
VIL 
Ind.,Mil. 
90 
mA 


VIL 
Input Low Voltage 
-0.6 
0.8 
V 


VIH 
Input High Voltage 
2.0 
Vcc+1 
V 


VOL 
Output Low Voltage 
IOL= 16 mA 
.45 
V 


VOH 
Output High Voltage 
IOH= -100~ 
Vcc-0.3 
V 


IOH= -4.0 mA 
2.4 
V 


Notes: 1. Vcc must be applied simultaneously or before VPP. 
and removed simultaneously or after Vpp. 
2. Vpp may be connected directly to Vcc. except during program- 


ming. The supply current would then be the sum of fa: and Iw. 


AT27HC1024 


·55 
-70 
·90 


Symbol 
Parameter 
Condition 
Min 
Max 
Min 
Max 
Min 
Max 
Units 


tACC(3) 
Address to 
CE-OE 
Com. 
55 
70 
90 
ns 
Output Delay 
= Vil 
Ind.,Mil. 
70 
90 
ns 
tCE (2) 
CE to Output Delay 
OE = Vil 
55 
70 
90 
ns 
tOE (2,3) 
OE to Output Delay 
CE = Vil 
30 
30 
30 
ns 


tOF (4,5) 
OE High to 
CE = Vil 
10 
15 
20 
ns 
Output Float 


Output Hold fror:!!... 
CE-OE 
tOH 
Address. CE or OE, 
- 
Vil 
0 
0 
0 
ns 
whichever occurred first 
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IDF 


CC 
tOH 


HIGH 
Z 
OUTPUT 
VALID 


Input Test Waveforms 
and Measurement Levels 


3.0V 


AC < 
DRIVING 
LEVELS 


O.OV 


IR, IF< 5 ns (10% 10 90%) 


AC 
MEASUREMENT 
LEVEL 


Notes: 
1. Timing measurement references is 1.5 V. Input 
AC driving levels are 0.0 V and 3.0 V, unless 
olherwise specified.CL = 30 pF, add 6 ns for 
CL= l00pF. 


2. toF is specified from OE. toF is measured at 


VOH-O.5V or VOL-Hl.5V wilh CL= 5 pF. 


3. OE may be del~ 
up to teE-toE after lhe 


falling edge of CE wilhout impact on leE. 


4. OE may be delayed up to tAcc-toE after lhe 


address is valid wilhout impact on tACC. 


5. This parameter is only sampled and is not 


100% tested. 


Output Test Load 


5.0V 


25110uTPUT 
PIN 


167 
I' CL 
-.& 
Note: 
CL= 30 pF including 


Jig capacitance. 


Typ 
Max 
Units 
Conditions 


CIN 
4 
10 
pF 
VIN = 0 V 


COUT 
8 
12 
pF 
VOUT=O 
V 


VlH 
ADDRESS 
VlL 
ADDRESS STABLE 


IAS 
IOE 
DATA 
VlH 


VlL 


VCC 
6.5V 


5.0Y 


Vpp 
13.0Y 


5.0Y 


YIH 
CE 
VlL 


PGM 
VlH 


YIL 


OE 
VIH 


VlL 


Notes: 
I. The Input Timing Reference is 0.0 V for VlLand 
3.0 V for VlH. 


2. toE and tDFPare characteristics of lhe device but 


must be accommodated by lhe programmer. 


3. When programming lhe AT27HC1024 a O.l-fIF 


capacitor is required across Vpp and ground to 
suppress spurious voltage transients. 


D.C. Programming Characteristics 


TA = 25 ± 50C, Vcc = 6.5 ± 0.25 V, Vpp = 13.0 ± 0.25 v 


Sym- 
Test 
limits 


bol 
Parameter 
Conditions 
Min 
Max 
Units 


III 
Input Load Current 
V,N=VIl,V,H 
10 
~ 


VIL 
Input Low Level 
(All Inputs) 
-0.6 
0.8 
V 


VIH 
Input High Level 
2.0 
Vcc.1 
V 


VOL 
Output 
Low Vo~. 
IOL=16mA 
.45 
V 


VOH 
Output 
High Vo~. 
IOH=-4mA 
2.4 
V 


ICC2 
Vcc Supply 
Current 
60 
mA 
(Program 
and Verily) 


IpP2 
Vpp Supply 
CE=PGM=V,L 
40 
mA 
Current 


A9 Product 
VIO 
Identification 
11.5 
12.5 
V 


Vo~age 


A.C. Programming Characteristics 


TA = 25 ± SaC, Vcc = 6.5 ± 0.25 V, Vpp = 13.0± 
0.25 V 


Test 
Sym- 
Conditions' 
limits 


bol 
Parameter 
(see Note 1) 
Min 
Max Units 


IAS 
Address 
Setup Time 
2 
I's 


ICES 
CE Setup Time 
2 
1'5 


10ES 
OE Setup Time 
2 
I's 


los 
Data Setup Time 
2 
1'5 


IAH 
Address 
Hold Time 
0 
1'5 


IOH 
Data Hold Time 
2 
1'5 


IOFP 
OE High to Out- 
(Note 2) 
0 
130 
ns 
put Float Delay 


Ivps 
Vpp Setup Time 
2 
1'5 


Ivcs 
Vcc Setup Time 
2 
1'5 


Ipw 
PGM 
Program 
(Note 3) 
95 
105 
1'5 
Pulse Width 


10E 
Data Valid from OE 
150 
ns 


*A.C. Conditions of Test 
Input Rise and Fall Times (10% to 90%) 
5 ns 
Input Pulse Levels 
0.0 V to 3.0 V 


Input Timing Reference Level 
1.5 V 
Output Timing Reference Level 
1.5 V 


Notes: 


1. 
Vcc must be applied simultaneously 
or before Vpp and removed 
si- 
multaneously 
or after Vpp. 
2. 
This parameter 
is only sampled 
and is not 100% tested. 


Output Float is defmed 
as the point where data is no longer 
driven - 
see timing diagram. 
3. 
Program 
Pulse width tolerance 
is 100 j.tsec ± 5%. 


Atmel's 27HC1024 Integrated 
Product Identification Code 


Pins 
Hex 


Codes 
AO 01S-{)8 07 06 OS 04 03 02 01 00 
Data 


Manufacturer 
0 
0 
0 
0 
0 
1 
1 
1 
1 
0 
001E 


Device Type 
1 
0 
0 
1 
1 
0 
0 
0 
0 
1 
0061 


Rapid Programming Algorithm 


A 100 l-lS PGM pulse width is used to program. The address is _ 
set to the ftest location. Vcc is raised to 6.5 V and Vpp is raised 
_ 


to 13.0 V. Each address is fteSt programmed 
with one 100 l-lS 


PGM pulse without verification. 
Then a verification 
/ repro- 


gramming loop is executed for each address. In the event a word 
fails to pass verification, 
up to 10 successive 
100 l-lS pulses are 
applied with a verification 
after each pulse. If the word fails to 
verify after 10 pulses have been applied, the part is considered 
failed. After the word verifies properly, the next address is se- 
lected until all have been checked. Vpp is then lowered to 5.0 V 
and Vcc to 5.0 V. All words are read again and compared with 
the original data to determine if the device passes or fails. 
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fAcc 
Icc(mA) 
Ordering Code 
Package 
Operation 
Range 
(ns) 
Active 
Standby 


55 
80 
8 
AT27HC1024-55DC 
40DW6 
Commercial 


AT27HC1024-55JC 
44J 
(O°C to 70°C) 


AT27HC 1024-55KC 
44KW 
AT27HC1024-55LC 
44LW 
AT27HC1024-55PC 
40P6 


55 
90 
8 
AT27HC1024-55DI 
40DW6 
Industrial 


AT27HC 1024-55JI 
44J 
(-40°C to 85°C) 


AT27HC 1024-55L1 
44LW 


70 
80 
8 
AT27HC1024-70DC 
40DW6 
Commercial 


AT27HC1024-70JC 
44J 
(O°C to 70°C) 


AT27HC1024-70KC 
44KW 
AT27HC 1024-70LC 
44LW 
AT27HC1024-70PC 
40P6 


70 
90 
10 
AT27HC1024-70DI 
40DW6 
Industrial 


AT27HC 1024-70JI 
44J 
(-40°C to 85°C) 


AT27HC 1024-70KI 
44KW 
AT27HC1024-70Ll 
44LW 
AT27HC1024-70PI 
40P6 
-. 


AT27HC 1024-70 DM 
40DW6 
Military 


AT27HC1024-70KM 
44KW 
(-55°C to 125°C) 


AT27HC1024-70LM 
44LW 


AT27HC1 024-70 DM/883 
40DW6 
Military/883C 


AT27HC 1024-70KM/883 
44KW 
Class S, Fully Compliant 


AT27HC1024-70LM/883 
44LW 
(-55°C to 125°C) 


90 
80 
8 
AT27HC 1024-90 DC 
40DW6 
Commercial 


AT27HC1024-90JC 
44J 
(O°C to 70°C) 


AT27HC1024-90KC 
44KW 
AT27HC1024-90LC 
44LW 
AT27HC1024-90PC 
40P6 


90 
90 
10 
AT27HC1024-90DI 
40DW6 
Industrial 


AT27HC1024-90JI 
44J 
(-40°C to 85°C) 


AT27HC1024-90KI 
44KW 
AT27HC 1024-90Ll 
44LW 
AT27HC1024-90PI 
40P6 


AT27HC1024-90DM 
40DW6 
Military 


AT27HC 1024-90KM 
44KW 
(-55°C to 125°C) 


AT27HC1024-90LM 
44LW 


AT27HC1024-90DM/883 
40DW6 
Military/883C 


AT27HC 1024-90KM/883 
44KW 
Class S, Fully Compliant 


AT27HC 1024-90LM/883 
44LW 
(-55°C to 125°C) 


70 
90 
10 
5962-86805 
08 OX 
40DW6 
Military/883C 


5962-86805 
08 XX 
44LW 
Class S, Fully Compliant 


(-55°C to 125°C) 


90 
90 
10 
5962-86805 
07 OX 
40DW6 
Military/883C 


5962-86805 
07 XX 
44LW 
Class S, Fully Compliant 


(-55°C to 125°C) 


Package Type 


4ODW6 
40 Lead, 0.600· Wide, Windowed, Ceramic Duallnline 
Package (Cerdip) 


44J 
44 Lead, Plastic J-Leaded Chip Carrier alP 
(PLCC) 


44KW 
44 Lead, Windowed, Ceramic J-Leaded Chip Carrier (JLCC) 


44LW 
44 Pad, Windowed, Ceramic Leadless Chip Carrier (LCC) 


4OP6 
40 Lead, 0.600· Wide, Plastic Duallnline 
Package alP 
(PDIP) 
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Features 


• 
Wide Power Supply 
Range, 3.0 VDC to 5.5 VDC 
• 
Compatible 
with JEDEC Standard 
AT27Cl024 
• 
Low Power CMOS Operation 
100 JlA max. Standby 
33 mW max. Active 
at 1 MHz for Vcc = 3.3 VDC 
165 mW max. Active 
at 5 MHz for Vcc = 5.5 VDC 
• 
Read Access 
Time· 
250 ns 
• 
Wide Selection 
of JEDEC Standard 
Packages 
Including 
OTP 
4O-Lead, 600-mll 
cerdlp 
and OTP Plastic 
DIP 
44·Pad 
LCC and OTP PLCC 
• 
High Reliability 
CMOS Technology 
2000 V ESD Protection 
200 mA Latchup 
Immunity 
• 
Rapid Programming· 
100 JlS/word (typical) 
• 
Two-line 
Control 
• 
CMOS and TTL Compatible 
Inputs 
and Outputs 
• 
Integrated 
Product 
Identification 
Code 
• 
Commercial 
and Industrial 
Temperature 
Ranges 


Description 


The AT27LV1024 
chip is a low-power, 
low voltage 1,048,576-bit Ultraviolet 
Erasable and 
Electrically 
Programmable 
Read Only Memory (EPROM) organized 64K x 16. It requires 
only one power supply in the range of 3.0 to 5.5 VDC in normal read mode operation. Any 
word can be accessed 
in less than 250 ns, eliminating 
the need for speed reducing WAIT 
states. The by-16 organization 
makes these parts ideal for high-performance 
16- and 32-bit 
microprocessor 
systems. 


With a typical power draw of only 20 mW at 1 MHz and VCC at 3.3 VDC, the AT27LVI024 
will draw less than one-fifth 
the power of a standard 5-V EPROM. Standby mode supply 
current is typically less than 10 I'A. 


Pin Name 
Function 


AO-A15 
Addresses 


00-015 
Outputs 


CE 
Chip Enable 


OE 
Output Enable 


PGM 
Program Strobe 


NC 
No Connect 


, 
1 
40 
, 
2 
3. 
, 
3 
38 
~: 
37 
38 
, 
8 
35 
, 
7 
34 
( 
8 
33 
• 
32 
10 
31 
C 11 
30 
12 
29 
13 
28 
14 
27 
15 
26 
16 
25 
17 
24 
18 
23 


" 
22 
20 
21 


013 
015 
vpp 
VCC 
NC 
A14 
014 CE NC ?OM A1S 


642444240 
012 
7 
5 
3 
1 
43 
41 39 
011 
8 
~ 
010 
9 
37 
09 
10 
36 
08 
11 
35 
GND 
12 
34 
NC 
13 
33 
07 >'4 
32 
~ ~:~ 
~~ 
04 
>17 
19 
21 
23 
25 
27 29 
18 20 22 24 26 
28 


02 
00 
NC Al 
A3 
03010EAOA2.A4 
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1 Megabit 
(64K x 16) 
Low Voltage 
UV 
Erasable 
CMOS 
EPROM • 


Description 
(Continued) 


The AT27LVI024 
comes 
in a choice 
of industry 
standard 
JEDEC-approved 
packages including; 40-pin DIP in ceramic or 
one time programmable 
(OlP) 
plastic, 
and 44-pad 
ceramic 
leadless chip carrier (LCe), or OlP plastic J-leaded chip carrier 
(pLCe). 
All devices feature two line control (CE, OE) to give 
designers the flexibility to prevent bus contention. 


With 
high 
density 
64K 
word 
storage 
capability, 
the 
AT27LVI024 
allows finnware 
to be stored reliably and to be 
accessed 
by the system 
without 
the delays of mass storage 
media. 


Atrnel's 27L VI024 has additional features to ensure high qual- 
ity and efficient production use. The Rapid Programming 
Algo- 
rithm reduces the time required to program the part and guaran· 
tees reliable programming. 
Programming 
time is typically only 
100 J.lS/word. The Integrated Product Identification 
Code elec· 
tronically identifies the device and manufacturer. 
This feature is 
used by industry standard programming 
equipment to select the 


proper programming 
algorithms and voltages. 


Erasure Characteristics 


The entire memory array of the AT27L VI 024 is erased (all out- 
puts read as VOH) after exposure to ultraviolet light at a wave· 
length of 2537A. Complete erasure is assured after a minimum 
of 20 minutes exposure using 12,000 fJ.W/cm2intensity lamps 
spaced one inch away from the chip. 
Minimum erase time for 
lamps at other intensity ratings can be calculated from the min- 
imum integrated erasure dose of 15 W.sec/cm2. To prevent un- 
intentional erasure, an opaque label is recommended 
to cover 
the clear window on any UV erasable EPROM which will be 
subjected to continuous fluorescent indoor lighting or sunlight. 


Block Diagram 
vcc __ 


GND-- 
vpp -- 


DATAOUTPUTS 
00-015 


Y-GATING 


CELLMATRIX 


IDENTIFICATION 


OE 
CE 
PGM 


AO-A15[ 
ADDRESS 
INPUTS 


Temperature 
Under 
Bias 
-55oC to + 125°C 


Storage 
Temperature 
-65oC to +1 50°C 


Voltage 
on Any Pin with 
Respect 
to Ground 
-2.0 V to +7.0 v(1) 


Voltage 
on A9 with 
Respect 
to Ground 
-2.0 V to +14.0 
V(1) 


Vpp Supply 
Voltage 
with 
Respect 
to Ground 
-2.0 V to +14.0 
V(1) 


Integrated 
UV Erase 
Dose 
7258 W-sec/cm2 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 


mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Notes: 
I. Minimum voltage is -0.6 V dc which may undershoot to -2.0 V 
for pulses of less than 20 ns. Maximum output pin voltage is 
Vcc+O.75 V dc which may be exceeded if certain precautions 
are observed (consult application notes) and which may over- 
shoot to +7.0 V for pulses of less than 20 ns. 


Mode \ Pin 
CE 
OE 
PGM 
Ai 
Vpp 
Vcc 
Outputs 


Read 
VIL 
VIL 
x(1) 
Ai 
X 
Vcc 
DOUT 


Output 
Disable 
X 
VIH 
X 
X 
X 
Vcc 
HighZ 


Standby 
VIH 
X 
X 
X 
X(5) 
Vcc 
HighZ 


Rapid 
Program(2) 
VIL 
VIH 
VIL 
Ai 
Vpp 
Vcc 
DIN 


PGM Verify 
VIL 
VIL 
VIH 
Ai 
Vpp 
Vcc 
DOUT 


PGM Inhibit 
VIH 
X 
X 
X 
Vpp 
Vcc 
HighZ 


Product 
Identification(4) 
A9=VH 
(3) 
Identification 
VIL 
VIL 
X 
AO=VIH or VIL 
Vcc 
Vcc 
Code 
A1-A15=VIL 


Notes: 
1. X can be VILor Vrn. 
2. Refer to Programming characteristics. 
3. VH= 12.0 ± 0.5 V. 
4. Two identifier bytes may be selected. All Ai inputs 
are beld low (VIL),except A9 which is set to VH 


and AOwhich is toggled low (VIL)to select the Manufacturer's 
Identification byte and high (VIH)to select the Device Code 
byte. 
5. Standby Vcc current (IsB) is specified with VPFVCC. Vcc > 


Vppwill cause a slight increase in IsB. 


AT27LV1024 


·25 
·30 


Operating 
Com. 
OOC-70°C 
OOC-70°C 


Temperature 
(Case) 
Ind. 
-40°C - 85°C 
-40°C - 85°C 


Vcc Power Supply 
5 V± 10% 
5 V± 10% • 
Symbol 
Parameter 
Condition 
Mln 
Max 
Units 


III 
Input Load Current 
VIN = -0.1 V to Vcc+1 V 
5 
IJA 


ILO 
Output Leakage Current 
VOUT=-0.1 
VtoVcc+0.1 
V 
10 
IJA 


IpP1 (2) 
VPP (1) Read/Standby 
VPP = 3.8 to Vcc+0.3 
V 
10 
IJA 
Current 


I5B1 (CMOS) 
100 
IJA 


I5B 
Vcc (1) Standby Current 
CE = Vcc-0.3 to Vcc+ 1.0 V 


I5B2 (TIL) 
1 
mA 
CE = 2.0 to Vcc+1.0 
V 


f = 5 MHz, lOUT= 0 mA, 
Com. 
30 
mA 


ICC1 
CE = VIL Vcc = 5.5 V 
Ind. 
40 
mA 
Icc 
Vcc Active Current 


ICC2 
f = 1 MHz, lOUT= 0 mA, 
Com. 
10 
mA 


CE = VIL, Vcc = 3.3 V 
Ind. 
12 
mA 


VIL 
Input Low Voltage 
-0.6 
0.8 
V 


VIH 
Input High Voltage 
2.0 
Vcc+.75 
V 
V 


VOL 
Output Low Voltage 
IOL= 2.1 mA 
.45 
V 


IOH= -100 IJA 
Vcc-0.3 
V 


VOH 
Output High Voltage 
IOH= -2.5 mA 
3.5 
V 


IOH= -400 IJA 
2.4 
V 


Notes: 1. Vcc must be applied simultaneously or before Vpp, 
and removed simultaneously or after Vpp. 


2. Vpp may be connected directly to Vcc. except during program- 


ming. The supply current would then be the sum of Ice and Ipp. 


AT27LV1024 


·25 
·30 


Symbol 
Parameter 
Condition 
Min 
Max 
Min 
Max 
Units 


tACC(3) 
Address to Output Delay 
CE= 
OE = VIL 
250 
300 
ns 


tCE (2) 
CE to Output Delay 
OE= 
VIL 
250 
300 
ns 
tOE (2,3) 
OE to Output Delay 
CE= VIL 
100 
150 
ns 
tOF (4,5) 
OE High to Output Float 
CE= VIL 
50 
50 
ns 


tOH 
OU.!Q!!tHold from Address, CE 
CE = OE = VIL 
0 
0 
ns 
or OE, whichever 
occurred first 
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tDF 


CC 
tOH 


Notes: 
1. Timing measurement references are 0.8 V and 
2.0 V. Input AC driving levels are 0.45 V and 
2.4 V. unless otherwise specified. 


2. OE may be del~ 
up to teE-toE after the 


falling edge of CE without impact on teE. 


3. OE may be delayed up to tACC-toEafter the 


address is valid without impact on tACC. 


4. This parameter is only sampled and is not 


100% tested. 


5. Output float is defmed as the point when data is 


no longer driven. 


HIGH 
Z 
OUTPUT 
VALID 


2.4V 


AC < 
DRIVING 
LEVELS 
O.45V 


tR.lF< 20ns (10% to 90%) 


2.0 
AC 


MEASUREMENT 


0.8 
LEVEL 


Output Test load 


1.3V 
t 


(1N914) 


3.3K 


OUTPUT 


PIN 
CL 
T 
Note: 
CL = 100pF 


~ 
includingjig capacitance. 


Input Test Waveforms 
and Measurement 
levels 


Typ 
Max 
Units 
Conditions 


CIN 
4 
8 
pF 
VIN = OV 


COUT 
8 
12 
pF 
VOUT= 
OV 


VIH 
ADDRESS 
VlL 
ADDRESS STABLE 


tAS 
tOE 
tAH 


DATA 
VlH 


VIL 


VCC 
6.5V 


5.0V 
tDFP 


Vpp 
13.0V 


5.0V 


VlH 
CE 
VlL 


PGM 


VlH 


VlL 


OE 
VIH 


VlL 


4-82 
AT27LV1024 


Notes: 
I. The Input Timing Reference is 0.8 V for VlL and 
2.0 V for VIH. 
2. toE and tOFPare characteristics of the device but 
must be accommodated by the programmer. 


3. When progranuning the AT27LVI024 a 0.1;il' 


capacitor is required across Vpp and ground to 
suppress spurious voltage transients. 


D.C. Programming 
Characteristics 


TA = 25 ± 5°C, Vcc = 6.5 ± 0.25 V, Vpp = 13.0 ± 0.25 v 


Sym- 
Test 
Limits 
bol 
Parameter 
Conditions 
Min 
Max 
Units 


III 
Input Load Current 
V,N=V,L,V,H 
10 
~ 


VIL 
Input Low Level 
(All Inputs) 
-0.6 
0.8 
V 


VIH 
Input High Level 
2.0 
Vcc.t 
V 


VOL 
Output 
Low Vo~. 
IOL=2.1mA 
.45 
V 


VOH 
Output 
High Vo~. 
IOH=-400J.!A 
2.4 
V 


ICC2 
Vcc Supply Current 
50 
mA 
(Program 
and Verify) 


IpP2 
Vpp Supply 
CE=PGM=V,L 
30 
mA 
Current 


A9 Product 
VIO 
Identification 
11.5 
12.5 
V 
Vo~age 


A.C. Programming 
Characteristics 


TA = 25 ± 5°C, Vcc = 6.5 ± 0.25 V, Vpp = 13.0 ± 0.25 V 


Test 
Sym- 
Conditions' 
Limits 


bol 
Parameter 
(see Note 1) 
Min 
Max Units 


tAs 
Address 
Setup Time 
2 
f1S 


tCES 
CE Setup Time 
2 
I's 


tOES 
OE Setup Time 
2 
f1S 


tos 
Data Setup Time 
2 
I's 


tAH 
Address 
Hold Time 
0 
I's 


tOH 
Data Hold Time 
2 
f1S 


tOFP 
OE High to Out- 
(Note 2) 
0 
130 
ns 
put Float Delay 


tvps 
Vpp Setup Time 
2 
I'S 


tvcs 
Vcc Setup Time 
2 
I's 


tpw 
PGM 
Program 
(Note 3) 
95 
105 
f1S 
Pulse Width 


tOE 
Data Valid from OE 
150 
ns 


*A.C. Conditions of Test 
Input Rise and Fall Times (10% to 90%) 
20 ns 
Input Pulse Levels 
0.45 V to 2.4 V 
Input Timing Reference Level 
0.8 V to 2.0 V 
Output Timing Reference Level 
0.8 V to 2.0 V 


Notes: 
I. 
Vcc must be applied simullJlneouslyor before Vpp and removed si- 
multaneously or after Vpp. 
2. 
This parameter is only sampled and is not 100%tested. 
Output Float is defmed as the point where data is no longer 
driven - 
see timing diagram. 


3. 
Program Pulse width tolerance is 100 J.1sec± 5%. 
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Atmel's 27L V1024 Integrated 
Product Identification Code(l) 


Pins 
Hex 


Codes 
AO 015-<l8 07 06 05 04 03 02 01 00 
Data 


Manufacturer 
0 
0 
0 
0 
0 
1 
1 
1 
1 
0 
001E 


Device Type 
1 
0 
1 
1 
1 
1 
0 
0 
0 
1 
00F1 


Note: 
1. The AT27LVI024 has the same Product Identification 


Code as the AT27C 1024. Both are programming com- 
patible. 


Rapid Programming 
Algorithm 
• 


A 100 lIS PGM pulse width is used to program. The address is 
set to the first location. Vcc is raised to 6.5 V and Vpp is raised 
to 13.0 V. Each address is first programmed 
with one 100 lIS 


PGM pulse without verification. 
Then a verification 
/ repro- 
gramming loop is executed for each address. In the event a word 
fails to pass verification, 
up to 10 successive 
100 lIS pulses are 
applied with a verification after each pulse. If the word fails to 
verify after 10 pulses have been applied. the part is considered 
failed. After the word verifies properly. the next address is se· 
lected until all have been checked. Vpp is then lowered to 5.0 V 
and Vcc to 5.0 V. All words are read again and compared with 
the original data to determine if the device passes or fails. 


NORMALIZED 
SUPPLY CURRENT 
YS. FREQUENCY 


Temp = 2S'C. lOUT = O.CE = VIL 


N 
0 ... 
r 
m 
u 
a 
I 
u 
j 
z 
a 
u 


d 
... 


0.01 


N 
1.1 


0 
r 
t .• 


m 
a 
... 
I 


j 
... 
z 
a 
•. 7 
d 


VCC 
3.3V 
- 
- 


VCC 
S.OV - 


NORMALIZED 
ACCES TIME vs. SUPPLY VOLTAGE 


Temp =2S'C 


12 
N 
0 
t.t 
r 
m 
1.• 
a 
... 
I 
i 
... 
z 
a 
•.7 
d 


\\\ 


"" 


"' .....•. - 


OUTPUT SOURCE CURRENT 
vs. OUTPUT VOLTAGE 


Temp =2S'C 


U 
t' 
r 
r 
12 
a 
n 
t 


NORMALIZED 
SUPPLY CURRENT 
YS. VOLTAGE 


Temp = 2S'C, lOUT = 0, CE = VIL 


N 
0 
... 


r 
... 
m 
a 
... 


I 
2.• 
j 


Z 
u 
a 
1.. 
1=1 MHz 
d ... 
•• 
3.' 
... 
... ... ... ~. 


NORMALIZED 
SUPPLY CURRENT 
YS. TEMP. 


Frequancy = 1 MHz, lOUT = 0 
---..---.. 
vcc 
s.ov 
- 


VCC 
3.3V 


N 
o 
r 


m 
2.0 
a 
I 
i 
z 
a 
d 


OUTPUT SINK CURRENT 
YS. OUTPUT VOLTAGE 


Tamp = 2S'C 


C =s.O 
V 
u 
r 
30 
r 
a 
20 
n 
I 


fAcc 
Icc(mA) 
Ordering Code 
Package 
Operation Range 
(ns) 
Active 
Standby 


250 
8 
0.1 
AT27L V1024-25DC 
40DW6 
Commercial 


AT27LV1024-25JC 
44J 
(O°C to 70°C) 


AT27LV1024-25KC 
44KW 
AT27LV1024-25LC 
44LW 
AT27LV1024-25PC 
40P6 


250 
10 
0.1 
AT27LV1024-25DI 
40DW6 
Industrial 


AT27L V1024-25KI 
44KW 
(-40°C to 85°C) 


AT27L V1024-25L1 
44LW 


300 
8 
0.1 
AT27L V1024-30DC 
40DW6 
Commercial 


AT27LV1024-30JC 
44J 
(O°C to 70°C) 


AT27LV1024-30KC 
44KW 
AT27L V1024-30LC 
44LW 
AT27L V1024-30PC 
40P6 


300 
10 
0.1 
AT27L V1024-30DI 
40DW6 
Industrial 


AT27L V1024-30KI 
44KW 
(-40°C to 85°C) 


AT27LV1024-30Ll 
44LW 
• 


Package 
Type 


4ODW6 
40 Lead, 0.600" Wide, Windowed, Ceramic Duallnline 
Package (Cerdip) 


44J 
44 Lead, Plastic J-Leaded Chip Carrier OTP (PLCC) 


44KW 
44 Lead, Windowed, Ceramic J-Leaded Chip Carrier (JLCC) 


44LW 
44 Pad, Windowed, Ceramic Leadless Chip Carrier (LCC) 


4OP6 
40 Lead, 0.600" Wide, Plastic Dual Inline package OTP (PDIP) 
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Features 
• 
Fast Read Access Time - 100 ns 
• 
Low Power CMOS Operation 
100 lJA max. Standby 
25 mA max. Active at 5 MHz 
• 
Wide selection 
of JEDEC Standard Packages 
Including OTP 
32-Lead 600-mll Cerdlp and OTP Plastic DIP, or TSOP 
32-Pad LCC and OTP PLCC 
• 
5 V ± 10% Supply 
• 
High Reliability 
CMOS Technology 
2000 V ESD Protection 
200 mA Latchup Immunity 
• 
Rapid Programming 
-100 
J.1S/byte(typical) 
• 
Two-line Control 
• 
CMOS and TTL Compatible 
Inputs and Outputs 
• 
Integrated 
Product Identification 
Code 
• 
Full Military, Industrial and Commercial 
Temperature 
Ranges 


Description 
The AT27C040 chip family is a low-power, high-performance 
4,194,304 bit Ultraviolet Eras- 
able and Electrically 
Programmable 
Read Only Memory (EPROM) organized as 512K x 8 
bits. The AT27C04O requires only one 5-V power supply in normal read mode operation. Any 
byte can be accessed in less than lOOns, eliminating the need for speed reducing WAIT states 
on high-performance 
microprocessor 
systems. 


Atrnel's 
1.0-micron scaled CMOS technology provides for significantly 
lower active power 
consumption 
than competing designs. Power consumption 
is typically 8 mA in active mode 
and less than 10 
J.LA in standby mode. 


CDIP. PDIP. Top View 


vpp 
, 
32 
vcc 
A,6 
2 
3' 
A18 
A'S 
3 
30 
A17 
A,2 
4 
29 
A14 
A7 
5 
28 
A13 
A6 
6 
27 
A8 
AS 
7 
26 
A9 
A4 
8 
25 
All 
A3 
9 
24 
DE 
A2 
10 
23 
A,O 
A1 
11 
22 
CE 
AO 
'2 
21 
07 
00 
'3 
20 
06 
01 
'4 
19 
05 
02 
15 
18 
04 
GNO 
16 
17 
03 


TSOP Top View 
Type 
1 


Pin Name 
Function 


AD-A18 
Addresses 


00-07 
Outputs 


CE 
Chip Enable 


OE 
Output Enable 


A12 
A16 vcc A17 
A15VPP 
A18 


4 
2 
32 
30 
A7 
5 
3 
1 
31 29 
A14 
A6 
6 
28 
A13 
A57 
27M 
A.8 
26A9 
A3 
9 
25 
All 
A2 
10 
24 
DE 
A1 
11 
23 
Al0 
AO 
12 
22 
CE 
00 
13 15 
17 
19 21 
07 
14 
16 
18 
20 


02 
03 
05 
0' 
GNO 04 
06 


NCNC 
A11 
A9 


A9 
A13 
M4 A17 
A19 
VCC 
vpp 
A16 
M5 A12 


A7 
NJ 
ABA< 
NCNC 


0'2 
4039 
3 
38 
4 
5 
36 37 
6 
35 
7 
34 
9 
9 
3233 
10 
31 
11 
30 
12 
29 
14 13 
28 27 


16'5 
26 25 


18 17 
2423 
20 19 
22 21 
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NC 
NC 
OE 
A,O 
CE 
07 
06 
05 04 
03 
GND 
02 
00 
0' 
A1 
AD 
A3 
A2 


NC NC 


4 Megabit 
(512K x 8) 
UV 
Erasable 
CMOS 
EPROM • 
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Description 
(Continued) 


The AT27C04O comes in a choice of industry standard JEDEC- 
approved through hole and surface mount packages 
including 


windowed and one-time programmable 
(OTP) packages, 
such 


as the OTP thin snail outline package (TSOP). All devices fea- 
ture two line control (CE, OE) to give designers the flexibility 
to avoid bus contention. 


Atrnel's AT27C040 has additional features to ensure high qual- 
ity and efficient production use. The Rapid Programming 
Algo- 


rithm reduces the time required to program the part and guaran- 
tees reliable programming. 
Programming 
time is typically only 


100 ~yte. 
The Integrated 
Product Identification 
Code elec- 


tronically identifies the device and manufacturer. 
This feature is 


used by industry standard programming 
equipment to select the 


proper programming 
algorithms and voltages. 


Erasure Characteristics 
The entire memory array of the AT27C040 is erased (all outputs 
read as VOH) after exposure to ultraviolet light at a wavelength 
of 2537 A. Complete 
erasure is assured after a minimum of 20 
minutes exposure using 12,000 .".W/cm2 intensity lamps spaced 
one inch away from the chip. Minimum erase time for lamps at 
other intensity ratings can be calculated from the minimum in- 
tegrated erasure dose of 15 W.sec/cm2. To prevent unintentional 
erasure, an opaque label is recommended 
to cover the clear win- 
dow on any UV erasable EPROM 
which will be subjected to 


continuous fluorescent indoor lighting or sunlight. 


Block Diagram 
vcc 
_ 
GND 
_ 


vpp---- 


OUTPUT 
BUFFERS 


Y-GATING 


CELL MATRIX 


IDENTIFICATION 


Absolute Maximum Ratings· 


Temperature 
Under Bias 
-55°C to +125°C 


Storage Temperature 
-65°C to +150oC 


Voltage on Any Pin with 
Respect to Ground 
-2.0 V to +7.0 V(I) 


Voltage on A9 with 
Respect to Ground 
-2.0 V to +14.0 V(1) 


Vpp Supply Voltage with 
Respect to Ground 
-2.0 V to +14.0 V(I) 


Integrated UV Erase Dose 
7258 W'seclcm2 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 


mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Notes: 
1. Minimum voltage is -0.6 V dc which may undershoot to 
-2.0 V for pulses of less than 20 ns. Maximum output pin volt- 
age is Vcc +0.75 V dc which may overshoot to +7.0 V for 
pulses of less than 20 ns. 


Mode\Pln 
CE 
OE 
Ai 
Vpp 
Vcc 
Outputs 


Read 
VIL 
VIL 
Ai 
x(1) 
Vcc 
DOUT 


Output Disable 
X 
VIH 
X 
X 
Vcc 
HighZ 


Standby 
VIH 
X 
X 
X 
Vcc 
HighZ 


Fast Program(2) 
VIL 
VIH 
Ai 
Vpp 
Vcc 
DIN 


PGM Verify 
X 
VIL 
Ai 
Vpp 
Vcc 
DOUT 


PGM Inhibit 
VIH 
VIH 
X 
Vpp 
Vcc 
HighZ 


Product Identification(4) 
A9=VH (3) 
Identification 
VIL 
VIL 
AO=VIH or VIL 
X 
Vcc 
Code 
A1-A18=VIL 


Notes: 
1. X can be vn.. or Vrn. 
2. Refer to Programming characteristics. 
3. VH= 12.0 ± 0.5 V. 


4. Two identifier bytes may be selected. All Ai inputs 
are held low (Vn.), except A9 which is set to VH and AO 
which is toggled low (VtL) to select the Manufacturer's 
Identi- 


fication byte and high (VIH)to select the Device Code byte. 
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Operating 
Com. 
OOC-70°C 
OOC-70°C 
OOC-70°C 
OOC-70°C 


Temperature 
Ind. 
-40°C - 85°C 
-40°C - 85°C 
-40°C - 85°C 
(Case) 
Mil. 
-55°C - 125°C 
-55°C - 125°C 
-55°C - 125°C 


Vcc Power Supply 
5 V±5% 
5 V± 10% 
5V±10% 
5 V± 10% • 
Symbol 
Parameter 
Condition 
Mln 
Max 
Units 


III 
Input Load Current 
VIN: 
-0.1 V to Vcc+1 V 
5 
J,J.A 


ILa 
Output Leakage Current 
Vour: 
-0.1 V to Vcc+0.1 
V 
10 
J,J.A 


IpPl (2) 
Vpp (1) Read/Standby 
Current 
Vpp : 3.8 to Vcc+0.3 
V 
10 
J,J.A 


ISBl (CMOS), 
100 
J,J.A 
ISB 
Vcc 
(1) Standby Current 
CE : Vcc-0.3 to Vcc+ 1.0 V 


ISB2(TIL) , CE: 
2.0 to Vcc+ 1.0 V 
1 
mA 


Icc 
Vcc Active Current 
f : 5 MHz, lOUT: 0 mA, 
Com. 
25 
mA 


CE: 
VIL 
Ind.,Mil. 
30 
mA 


VIL 
Input Low Voltage 
-0.6 
0.8 
V 


VIH 
Input High Voltage 
2.0 
Vcc+0.75 
V 


VOL 
Output Low Voltage 
IOL: 2.1 mA 
.45 
V 


IOH: -100 J,J.A 
Vcc-0.3 
V 


VOH 
Output High Voltage 
IOH: -2.5 
mA 
3.5 
V 


IOH: -400 J,J.A 
2.4 
V 
Notes: 1. Vce must be applied simultaneously or before Vpp, 
and removed simultaneously or after Vpp. 


2. Vpp may be connected directly to Vce, except during program- 


ming. The supply current would then be the sum of Ice and Ipp. 
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Symbol 
Parameter 
Condition 
Min 
Max 
Min 
Max 
Min 
Max 
Min 
Max 
Units 


tACC(3) 
Address to 
CE=OE 
Com. 
100 
120 
150 
200 
ns 
Output Delay 
= VIL 
Ind.,Mil. 
120 
150 
200 
ns 
tCE (2) 
CE to Output Delay 
OE = VIL 
100 
120 
150 
200 
ns 
tOE (2,3) 
OE to Output Delay 
CE = VIL 
35 
35 
40 
70 
ns 


tOF (4,5) 
OE High to 
CE = VIL 
35 
35 
40 
55 
ns 
Output Float 


Output Hold froi!!.- 
CE=OE 
tOH 
Address, CE or OE, 
= VIL 
0 
0 
0 
0 
ns 
whichever oa::urredfirst 


tDF 


tOH 


Input Test Waveforms 
and Measurement 
levels 


2.4V 


AC < 
DRIVING 
LEVELS 
0.45V 


tR.lF< 20ns (10% to 90%) 


2.0 
AC 


MEASUREMENT 
0.8 
LEVEL 


Notes: 
1. Timing measurement references are 0.8 V and 


2.0 V. Input AC driving levels are 0.45 V and 
2.4 V. unless otherwise specified. 


2. OE may be delayed up to teE-toEafter the fall- 
ing edge of CE without impact on teE. 


3. OE may be delayed up to tACC-toEafter the ad- 
dress is valid without impact on tACC. 


4. This parameter is only sampled and is not 100% 


tested. 


5. Output float is defmed as the point when data is 
no ~'m~~rdriven. 


Output Test load 


1.3V 


~ 


(1N914) 


3.3K 


OUTPUT 


PIN 
CL 
Note: CL = 100 pF including 


~ 
Jig capacitance. 


Typ 
Max 
Units 
Conditions 


CIN 
4 
8 
pF 
VIN = 0 V 


COUT 
8 
12 
pF 
VOUT= 
0 V 


ADDRESS 
VIH 


VIL 


VIH 
DATA 
VlL 


VPP 
1a.OV 


5.0V 


6.5V 
VCC 


5.0V 


CE 
VIH 


VIL 


OE 
VIH 


VIL 


4-90 


Notes: 
1. The Input Timing Reference is 0.8 V for VtLand 
2.0 V for VIH. 


2. toE and tOFPare characteristics of the device but 


must be accommodated by the programmer. 


3. When programming the AT27C04O a O.l-Iil' ca- 


pacitor is required across Vpp and ground to 
suppress spurious voltage transients. 


D.C. Programming 
Characteristics 


TA = 25 ± 5°C, Vcc = 6.5 ± 0.25 V, Vpp = 13.0 ± 0.25 V 


Sym- 
Test 
Limits 


bol 
Parameter 
Conditions 
Min 
Max 
Units 


III 
Input Load Current 
VIN=V,L,V,H 
10 
flA 


YIL 
Input Low Level 
(Allinpuls) 
-0.6 
0.8 
V 


YIH 
Input High Level 
2.0 
Vcc..7 
V 


YOL 
Output 
Low Vo~. 
IOL~2.1mA 
.45 
V 


YOH 
Output 
High Vo~. 
IOH~400 ~ 
2.4 
V 


ICC2 
Vcc Supply 
Current 
40 
mA 
(Program 
and Verify) 


IpP2 
Vpp Supply 
CE=VIL 
20 
mA 
Current 


A9 Product 


YIO 
Identification 
11.5 
12.5 
V 


Vo~age 


A.C. Programming 
Characteristics 


TA = 25 ± 5°C, Vcc = 6.5 ± 0.25 V, Vpp = 13.0 ± 0.25 V 


Test 


Sym- 
Conditions' 
Limits 


bol 
Parameter 
(see Note 1) 
Min 
Max Units 


IAS 
Address 
Setup Time 
2 
I-'S 


10ES 
OE Setup Time 
2 
I-'S 


los 
Data Setup Time 
2 
I-'s 


IAH 
Address 
Hold Time 
0 
1-'5 


IOH 
Data Hold Time 
2 
1-'5 


IOFP 
OE High to Out- 
(Note 2) 
0 
130 
ns 
put Float Delay 


Ivps 
Vpp Setup Time 
2 
1-'5 


IVCS 
Vcc Setup Time 
2 
I-'s 


Ipw 
CE 
Program 
(Note 3) 
95 
105 
I-'s 
Pulse Width 


10E 
Data 
(Note 2) 
150 
Valid from OE 
ns 


*A.C. Conditions of Test: 


Input Rise and Fall Times (10% to 90%) 
20 ns 


Input Pulse Levels 
0.45 V to 2.4 V 
Input Timing Reference Level 
0.8 V to 2.0 V 


Output Timing Reference Level 
0.8 V to 2.0 V 


Notes: 


1. 
Vcc must be applied simultaneously 
or before Vpp and removed 
si- 
multaneouslyor 
after Vpp. 
2. 
This parameter 
is only sampled 
and is not 100% tested. 
Output Float is dermed 
as the point where data is no longer 
driven - 
see timing diagram. 
3. 
Program 
Pulse width tolerance 
is 100 llSec ±5%. 
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Atmel's 27C040 Integrated 
Product Identification Code 


Pins 
Hex 
Codes 
AO 07 
06 
05 
04 
03 
02 
01 
00 
Data 


Manufacturer 
0 
0 
0 
0 
1 
1 
1 
1 
0 
1E 


Device Type 
1 
0 
0 
0 
0 
1 
0 
1 
1 
OB 


Rapid Programming 
Algorithm 
A 100 IJ.S CE pulse width is used to program. The address is set. 
to the first location. Vcc is raised to 6.5 V and Vpp is raised to 
~ 
13.0 V. Each address is first programmed 
with one 100 
IJ.S CE 
pulse without verification. 
Then a verification/reprogramming 
loop is executed 
for each address. In the event a byte fails to 
pass verification, up to 10 successive 100 
IJ.S pulses are applied 
with a verification 
after each pulse. If the byte fails to verify 
after 10 pulses have been applied, the part is considered failed. 
After the byte verifies properly, 
the next address 
is selected 
until all have been checked. Vpp is then lowered to 5.0 V and 
Vcc to 5.0 V. All bytes are read again and compared with the 
original data to determine if the device passes or fails. 
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IAcc 
Icc(mA) 
Ordering Code 
Package 
Operation 
Range 
(ns) 
Active 
Standby 


100 
25 
0.1 
AT27C040-10DC 
32DW6 
Commercial 


AT27C040-10LC 
32LW 
(O°C to 70°C) 


120 
25 
0.1 
AT27C040-12DC 
32DW6 
Commercial 


AT27C040-12JC 
32J 
(O°C to 70°C) 


AT27C040-12LC 
32LW 
AT27C040-12PC 
32P6 


120 
30 
0.1 
AT27C040-12DI 
32DW6 
Industrial 


AT27C040-12J I 
32J 
(-40°C to 85°C) 


AT27C040-12L1 
32LW 
AT27C040-12PI 
32P6 


150 
25 
0.1 
AT27C040-15DC 
32DW6 
Commercial 


AT27C040-15JC 
32J 
(O°C to 70°C) 


AT27C040-15LC 
32LW 
AT27C040-15PC 
32P6 


150 
30 
0.1 
AT27C040-15DI 
32DW6 
Industrial 


AT27C040-15JI 
32J 
(-40°C to 85°C) 


AT27C040-15L1 
32LW 
AT27C040-15PI 
32P6 


150 
30 
0.2 
AT27C040-15DM 
32DW6 
Military 


AT27C040-15LM 
32LW 
(-55°C to 125°C) 


AT27C040-15DM/883 
32DW6 
Military1883D 


AT27C040-15LM/883 
32LW 
Class B, Fully Compliant 


(-55°C to 125°C) 


200 
25 
0.1 
AT27C040-20DC 
32DW6 
Commercial 


AT27C040-20JC 
32J 
(O°C to 70°C) 


AT27C040-20LC 
32LW 
AT27C040-20PC 
32P6 


200 
30 
0.1 
AT27C040-20DI 
32DW6 
Industrial 


AT27C040-20JI 
32J 
(-40°C to 85°C) 


AT27C040-20Ll 
32LW 
AT27C040-20PI 
32P6 


200 
30 
0.2 
AT27C040-20DM 
32DW6 
Military 


AT27C040-20LM 
32LW 
(-55°C to 125°C) 


AT27C040-20DM/883 
32DW6 
Military/883D 


AT27C040-20LM/883 
32LW 
Class B, Fully Compliant 


(-55°C to 125°C) 


IAcc 
Icc(mA) 


Ordering Code 
Package 
Operation Range 


(ns) 
Active 
Standby 


120 
25 
0.1 
AT27C040-12TC 
40T 
Commercial 
WC to 70'C) 


150 
25 
0.1 
AT27C040-15TC 
40T 
Commercial 
WC to 70'C) 


Package Type 


32DW6 
32 Lead, 0.600· Wide, Windowed, Ceramic Dual Inline Package (Cerdip) 


32J 
32 Lead, Plastic J-Leaded Chip Carrier OTP (PLCC) 


32LW 
32 Pad, Windowed, Ceramic Leadless Chip Carrier (LCC) 


32P6 
32 Lead, 0.600· Wide, Plastic Duallnline 
Package OTP (PDIP) 


40T 
40 Lead, Plastic Thin Small Outline Package OTP (TSOP) 
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• 


Features 


• 
Wide Power Supply Range, 3.0 VDC to 5.5 VDC 
• 
Compatible 
with JEDEC Standard AT27C04O 


• 
Low Power 3-Volt CMOS Operation 


100 !J.Amax, Standby 
26 mW max, Active at 1 MHz for Vcc = 3.3 VDC 
138 mW max, Active at 5 MHz for Vcc = 5.5 VDC 


• 
Read Access Time - 200 ns 


• 
Wide Selection of JEDEC Standard Packages Including OTP 


32-Lead, 600-mll cerdlp 
and OTP Plastic DIP, or TSOP 


32-Pad LCC and OTP PLCC 


• 
High Reliability CMOS Technology 


2000 V ESD Protection 
200 mA Latchup Immunity 


• 
Rapid Programming· 
100 ~byte 
(typical) 


• 
Two-line Control 


• 
CMOS and TIL 
Compatible 
Inputs and Outputs 
• 
Integrated Product Identification 
Code 


• 
Commercial 
and Industrial Temperature 
Ranges 


4 Megabit 
(512K 
8) 
Lo 
ollage 
UV 


Description 


The AT27LV040 
chip is a low power, low voltage 4,194,304 
bit Ultraviolet 
Erasable.anll, 


Electrically 
Programmable 
Read Only Memory (EPROM) organize41ls 
512~ 
'S'bits. 
II" 


requires only one supply in the range of 3.0 to 5.5 VOC in normal read mode opetlItion, 
making it ideal for battery powered systems. 


With a typical power draw of only 18 mW at 1 MHz and Vco~t 
3.3 VOC, the 
T27LV040 


will draw less than one-fifth Ihe power of a standard 5- 011 EPR 
M. StandI} 
mode supply 


current is typically less than 10 1lA. 


32 
vcc 
31 
A18 
30 
A17 


29 
A14 


28 
A13 


27 
AS 


26 
A9 
25 
A11 
24 
OE 
23 
Al0 
22 
CE 
21 
07 
20 
06 
19 
05 
18 
04 


17 
03 


Pin Name 
Function 


AO-A18 
Addresses 


00-07 
Outputs 


CE 
Chip 
Enable 


OE 
Output 
Enabl4! 


TSOP Top View 
Type 1 


A12 
A16 vcc 
A17 
A15VPP 
A18 


4 
2 
32 
30 
A7 
5 
3 
1 
31 
29 
A14 
AS 
6 
28 
A13 
A57 
27A8 
A48 
26A9 
A3 
9 
25 
All 
A2 
10 
24 
DE 
A1 
11 
23 
Al0 
AD 
12 
22 
CE 


00 
13 15 
17 
19 21 
07 
14 
16 
18 
20 
02 03 05 
01 
GND 04 
06 


NCNC 


A11 
A9 


AS 
A13 


A14 


A17 


A18 VCC 
vpp 
A16 
A15 
A12 


A7 
A6 


AS 
A4 


NCNC 


0'2 
4039 
3 
38 
4 
5 
36 
37 
6 
35 


7 
34 


8 
9 
32 
33 


10 
31 


11 
30 


12 
29 
14 13 
28 
27 


16'5 
26 
25 


1817 
24 
23 


20 19 
22 
21 


NC 
NC 
OE 
A10 CE 
07 
06 
0504 
03 
02 
GND 
00 
01 


A1 
AD 


A3 
A2 


NC 
NC 


Preliminary 
• 
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Description 
(Continued) 


The 
AT27L V040 
comes 
in a choice 
of industry 
standard 
JEDEC-approved 
through hole and surface mount packages in- 
cluding windowed 
and one time programmable 
(OTP) pack- 
ages, such as the OTP thin small outline package (TSOP). All 
devices feature two line control (CE, OE) to give designers the 
flexibility to prevent bus contention. 


The AT27L V040 operating with Vcc at 3.0 VDC produces TrL 
level outputs that are compatible 
with standard TrL 
logic de- 


vices operating at Vcc = 5.0 VDC. 


Atrnel's 27L V040 has additional features to ensure high quality 
and efficient production 
use. The Rapid Programming 
Algo- 
rithm reduces the time required to program the part and guaran- 
tees reliable programming. 
Programming 
time is typically only 
100 ~/byte. 
The Integrated 
Product Identification 
Code elec- 


tronically identifies the device and manufacturer. This feature is 
used by industry standard programming 
equipment to select the 
proper programming 
algorithms and voltages. The AT27L V040 
programs identically as an AT27C040. 


Erasure Characteristics 


The entire memory array of the AT27LV040 
is erased (all out- 
puts read as VOH) after exposure to ultraviolet light at a wave- 
length of2537 A. Complete erasure is assured after a minimum 
of 20 minutes exposure using 12,000 y.Wtcm2 intensity lamps 
spaced one inch away from the chip. Minimum erase time for 
lamps at other intensity ratings can be calculated from the min- 
imum integrated erasure dose of 15 W.sectcm2. To prevent un- 
intentional 
erasure, an opaque label is recommended 
to cover 
the clear window on any UV erasable EPROM which will be 
subjected to continuous 
fluorescent indoor lighting or sunlight. 


Block Diagram 
vcc 
_ 
GND 
_ 


vpp--- 


Y-GATING 


CELL MATRIX 


IDENTIFICATION 


Temperature 
Under Bias 
-40oC to +8SoC 


Storage Temperature 
-6SoC to +12SoC 


Voltage on Any Pin with 
Respect to Ground 
-2.0 V to +7.0 v(1) 


Voltage on A9 with 
Respect to Ground 
-2.0 V to +14.0 V(1) 


Vpp Supply Voltage with 
Respect to Ground 
-2.0 V to +14.0 V(1) 


Integrated UV Erase Dose 
72S8 W'sec/cm2 


·NOTICE: 
Stresses beyond those listed under "Absolute Maxi- 


mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Notes: 
\. Minimum voltage is -0.6 V dc which may undershoot to -2.0 
V for pulses of less than 20 ns. Maximum output pin voltage 
is Vcr. + 0.75 V dc which may be exceeded if certain precau- 
tions are observed (consult application notes) and which may 
overshoot to +7.0 V for pulses of less than 20 ns. 


Mode\Pln 
CE 
OE 
Ai 
Vpp 
Vcc 
Outputs 


Read 
VIL 
VIL 
Ai 
X(1) 
Vcc 
Dour 


Output Disable 
X 
VIH 
X 
X 
Vcc 
HighZ 


Standby 
VIH 
X 
X 
X 
Vcc 
HighZ 


Fast Program(2) 
VIL 
VIH 
Ai 
Vpp 
Vcc 
DIN 


PGM Verify 
X 
VIL 
Ai 
Vpp 
Vcc 
Dour 


PGM Inhibit 
VIH 
VIH 
X 
Vpp 
Vcc 
HighZ 


Product Identification(4) 


A9=VH (3) 
Identification 
VIL 
VIL 
AO=VIH or VIL 
X 
Vcc 
Code 
A1-A18=VIL 


Notes: 
\. 
X can be VlL or Vrn. 


2. Refer to Programming characteristics. 
3. VH = 12.0 ±0.5 V. 


4. Two identifier bytes may be selected. All Ai inputs 


are held low (VIL), except A9 which is set to VH and AO 
which is toggled low (VIL) to select the Manufacturer's 
Identi- 


fication byte and high (Vrn) to select the Device Code byte. 
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Operating Temperature 
Com. 
OOC-70°C 
OOC-70°C 
OOC-70°C 


(Case) 
Ind. 
-40°C - 85°C 
-40°C - 85°C 
-40°C - 85°C 


Vcc Power Supply 
3.0 Vto 5.5 V 
3.0 Vto 5.5 V 
3.0 Vto 5.5 V 


D.C. and Operating Characteristics 
for Read Operation 
(VCC = 3.0 V to 5.5 V unless otherwise specified) 
• 


Symbol 
Parameter 
Condition 
Mln 
Max 
Units 


III 
Input Load Current 
VIN=-0.1 
VtoVcc+1 
V 
5 
j.iA 


ILO 
Output Leakage Current 
VOUT= -0.1 V to Vcc+0.1 
V 
10 
j.iA 


IpPl (2) 
VPP (1) Read/Standby 
Current 
VPP = Vcc-0.7 
V to Vcc+0.3 
V 
10 
j.iA 


IS81 (CMOS). 
100 
j.iA 
IS8 
Vcc (1)Standby Current 
CE = Vcc-0.3 to Vcc+ 1.0 V 


IS82 (TILl. 
CE= 2.0 to Vcc+ 1.0 V 
1 
mA 


f = 5 MHz. lOUT= 0 mA. 
Com. 
25 
mA 
ICCI 
Vcc Active Current 
CE = VIL. Vcc = 5.5 V 
Ind. 
30 
mA 
Icc 
f = 1 MHz, lOUT= 0 mA 
Com. 
8 
mA 
ICC2 
CE = VIL Vcc = 3.3 V 
Ind. 
10 
mA 


VIL 
Input Low Voltage 
-0.6 
0.8 
V 


VIH 
Input High Voltage 
2.0 
Vcc+0.75 
V 


VOL 
Output Low Voltage 
IOL= 2.1 mA 
.45 
V 


VOH 
Output High Voltage 
IOH= -100 llA 
Vcc-0.3 
V 


IOH= -400 llA 
2.4 
V 


Notes: 
1. Va:. must be applied simultaneously or before VPP. 


and removed simultaneously or after Vpp. 


2. Vpp may be connected directly to Va:.. except during program- 


ming. The supply current would then be the sum of Ice and Ipp. 


AT27LV04O 


·20 
·25 
·30 


Symbol 
Parameter 
Condition 
Min 
Max 
Min 
Max 
Min 
Max 
Units 
tACC(3) 
Address to Output Delay 
CE= 
OE= VIL 
200 
250 
270 
ns 
tCE (2) 
CE to Output Delay 
OE = VIL 
200 
250 
300 
ns 
tOE (2.3) 
OE to Output Delay 
CE= 
VIL 
100 
120 
150 
ns 
tOF (4.5) 
OE High to Output Float 
CE= 
VIL 
50 
50 
50 
ns 


tOH 
Output Hold from Address. CE or 
CE= 
OE= 
VIL 
0 
0 
0 
ns 
OE. whichever 
occurred first 


AlmEL 


AlmEL 


tDF 


CC 
tOH 


Notes: 
1. Timing measurement references are 0.8 V and 


2.0 V. Input AC driving levels are 0.45 V and 
2.4 V. See Input Test Waveforms and 
Measurement Levels. 


2. OE may be delayed up to teE-toEafter the fall- 


ing edge of CE without impact on teE. 


3. OE may be delayed up to tACe-toEafter the ad- 


dress is valid without impact on tACC. 


4. This parameter is only sampled and is not 100% 


tested. 


5. Output float is defmed as the point when data is 


no longer driven. 


HIGH Z 
OUTPUT 
VALID 


2.4V 


AC < 
DRIVING 
LEVELS 


OASV 


2.0 
AC 


MEASUREMENT 


0.8 
LEVEL 


Output Test Load 


1.3V 


~ 


(1N914) 


3.3K 


OUTPUT 


PIN 
CL 


~ 
Note: CL= 100pF 
includingjig capacitance. 


Typ 
Max 
Units 
Conditions 


CIN 
4 
8 
pF 
VIN = 0 V 


COUT 
8 
12 
pF 
VOUT= 0 V 


ADDRESS 
VIH 


Vil 


VlH 
DATA 
Vil 


VPP 
13.0V 


5.0V 


6.5V 
VCC 
s.ov 


CE 
VIH 


Vil 


VIH 
OE 


Vil 


4·98 


Notes: 
1. The Input Timing Reference is 0.8 V for VILand 
2.0 V for VlH. 


2. toE and tDFPare characteristics of the device but 


must be accommodated by the programmer. 


3. When programming the AT27LV040 a 0.1-11f 


capacitor is required across Vpp and ground to 
suppress spurious voltage transients. 


D.C. Programming Characteristics 
TA= 25 ± 5°C. Vcc = 6.5 ± 0.25 V. Vpp = 13.0 ± 0.25 V 


Sym- 
Test 
Limits 


bol 
Parameter 
Conditions 
Min 
Max Units 


III 
Input Load Current 
V'N=VrL,VrH 
10 
!1A 


VIL 
Input Low Level 
(Allinpuls) 
-0.6 
0.8 
V 


VIH 
Input High Level 
2.0 
Vcc.1 
V 


VOL 
Output Low Vo~. 
IOL=2.1mA 
.45 
V 


VOH 
Output High Vo~. 
IOH=-400llA 
2.4 
V 


ICC2 
Vcc Supply Current 
40 
mA 
(Program 
and Verify) 


IpP2 
Vpp Supply 
CE=V,L 
20 
mA 
Current 


A9 Product 
VIO 
Identification 
11.5 
12.5 
V 
Vo~age 


A.C. Programming Characteristics 
TA= 25 ± 5°C. Vcc = 6.5 ± 0.25 V. Vpp = 13.0 ± 0.25 V 


Test 
Sym- 
Conditions· 
Limits 


bol 
Parameter 
(see Note 1) 
Min 
Max Units 


IAS 
Address Setup Time 
2 
l!s 


10ES 
OE Setup Time 
2 
l!s 


los 
Data Setup Time 
2 
l!S 


IAH 
Address Hold Time 
0 
l!s 


IOH 
Data Hold Time 
2 
l!s 


IOFP 
OE High to Out- 
(Note2) 
0 
130 
ns 
put Float Delay 


Ivps 
Vpp Setup Time 
2 
l!S 


Ivcs 
Vcc Setup Time 
2 
l!s 


IpW 
CE Program 
(Note3) 
95 
105 
l!S 
Pulse Width 


10E 
Data 
(Note2) 
150 
ns 
Valid from OE 


*A.C. Conditions of Test 


Input Rise and Fall Times (10% to 90%) 
20 ns 
Input Pulse Levels 
0.45 V to 2.4 V 
Input Timing Reference Level 
0.8 V to 2.0 V 
Output Timing Reference Level 
0.8 V to 2.0 V 


Notes: 
1. 
Vcc must be applied simultaneously or before Vpp and removed 
simultaneously or after Vpp. 
2. 
This parameter is only sampled and is not 100% tested. 
Output Float is defmed as the point where data is no longer 
driven - 
see timing diagram. 


3. 
Program Pulse width tolerance is 100 lJ.Sec± 5%. 


Atmel's 27LV040 Integrated 
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Product Identification Code( ) 


Pins 
Hex 


Codes 
AO 07 
06 
05 
04 
03 
02 
Ot 
00 
Data 


Manufacturer 
0 
0 
0 
0 
1 
1 
1 
1 
0 
1E 


Device Type 
1 
0 
0 
0 
0 
1 
0 
1 
1 
OB 


Note: 
I. The AT27LV040 has the same Product Identification 


Code as the AT27C040. Both are programming com- 
patible. 


Rapid Programming Algorithm 


A 100 ~ CE pulse width is used to program. The address is set 
to the first location. Vcc is raised to 6.5 V and Vpp is raised to 
13.0 V. Each address is fIrSt programmed 
with one 100 ~ CE 


pulse without verification. Then a verification/reprogramming 
loop is executed 
for each address. In the event a byte fails to 
pass verification, up to 10 successive 
100 ~ pulses are applied 
with a verification 
after each pulse. If the byte fails to verify 
after 10 pulses have been applied, the part is considered 
failed. 


After the byte verifies properly, 
the next address 
is selected 


until all have been checked. Vpp is then lowered to 5.0 V and 
Vcc to 5.0 V. All bytes are read again and compared with the 
original data to determine if the device passes or fails. 


AlmlL 
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NORMALIZED 
SUPPLY CURRENT 
YS. FREQUENCY 


Temp = 2S'C. 
lOUT = 0, CE = VIL 


N 
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.5 
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NORMALIZED 
SUPPLY CURRENT 
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Temp = 2S'C, 
lOUT = O. CE = VIL 
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NORMALIZED 
SUPPLY CURRENT 
YS. TEMP. 


Frequency = 1 MHz, lOUT = 0 
---- 


VCC 
S.OV 
- 
- 


VCC 
3.3 V 


OUTPUT SINK CURRENT 
YS. OUTPUT VOLTAGE 


Temp = 2S'C 


C =s.O V 
u 
r 
30 
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20 
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Icc(mA) 
IAcc 
Vcc = 3.3 V 
Ordering Code 
Package 
Operation Range 
(ns) 
Active 
~tandby 


200 
a 
0.1 
AT27LV040-20DC 
32DW6 
Commercial 
AT27L V040-20LC 
32LW 
(O"C to 70·C) 


200 
10 
0.1 
AT27L V040-20DI 
32DW6 
Industrial 
AT27L V040-20Ll 
32LW 
(-40·C to a5·C) 


250 
a 
0.1 
AT27LV040-25DC 
32DW6 
Commercial 
AT27L V040-25LC 
32LW 
(O"C to 70·C) 


250 
10 
0.1 
AT27LV040-25DI 
32DW6 
Industrial 
AT27L V040-25LI 
32LW 
(-40·C to a5·C) 


300 
a 
0.1 
AT27L V040-30DC 
32DW6 
Commercial 
AT27L V040-30JC 
32J 
(O"C to 70·C) 
AT27LV040-30LC 
32LW 
AT27LV040-30PC 
32P6 


300 
10 
0.1 
AT27LV040-30DI 
32DW6 
Industrial 
AT27L V040-30Ll 
32LW 
(-40·C to a5·C) 


Icc(mA) 
IAcc 
Vcc = 3.3 V 
Ordering Code 
Package 
Operation Range 
(ns) 
Active 
~tandby 


250 
a 
0.1 
AT27L V040-25TC 
40T 
Commercial 
(O"C to 70·C) 


300 
a 
0.1 
AT27L V040-30TC 
40T 
Commercial 
(O"C to 70·C) 


Package Type 


32DW6 
32 Lead, 0.600' Wide, Windowed, Ceramic Duallnline 
Package (Cerdip) 


32J 
32 Lead, Plastic J-Leaded Chip Carrier OTP (PLCC) 


32LW 
32 Pad, Windowed, Ceramic Leadless Chip Carrier (LCC) 


32P6 
32 Lead, 0.600' Wide, Plastic Dual Inline Package OTP (PDIP) 


40T 
40 Lead, Plastic Thin Small Outline Package OTP (TSOP) 


• 


AlmEL -------- 


Interfacing 
Atmel LV EPROMs on a Mixed 


Three-Volt/Five-Volt 
Data Bus 


Introduction 
Intetfacing Atmel Corporation's low voltage 
(LV) EPROMs 
on a common 
data bus 
with standard 
five-volt 
devices 
can 
be 
achieved with relative ease if a few simple 
guidelines are followed. By controlling the 
data bus voltages and currents, problems 
associated 
with latchup, electromigration 
and battery 
damage 
can be eliminated. 
This application 
note describes each prob- 
lem, along with recommended 
solutions, 
and analyzes the associated trade-offs. 


Background 
Definition of Terms: 


A. Lalchup - a destructive 
phenomenon 
associated 
with 
CMOS-based 
semicon- 
ductors. Parasitic SCRs (silicon-controlled 
rectifiers 
or p-n-p-n 
devices) exist on in- 
puts and outputs. 
Once 
an SCR 
is ac- 
tivated, it can conduct 
high current. The 
current can only be turned off by discon- 
necting the power supply. 


B. Eleclromigralion 
- Metal interconnects 
in semiconductors 
are carefully 
sized to 
ensure 
they are wide enough 
to safely 
carry the amount of current required by the 
design. The interconnects 
may physically 
open up when these limits are exceeded 
for a long time. 


C. Venting - When a battery overheats (as 
a result of dissipating 
excessive 
power) 
the battery case may open, allowing the 
contents of the battery to be "vented" 
or 
leaked to the outside world. This is both 
messy and potentially dangerous. 


Understanding 
issues related to intetfac- 
ing Atmel 
LV EPROMs 
with standard 
five-volt 
devices 
requires 
an 
under- 
standing of the EPROM output. The out- 
put is basically 
a CMOS 
inverter 
con- 
structed 
with p-channel 
pull-up 
and n- 
channel pull-down transistors (see Figure 
I). The source of the p-channel and the n- 
well are connected to Vcc. The source of 
the n-channel 
and the substrate are con- 
nected to ground. It is important 
to note 
that the p+ drain of the p-channel device in 
the n-well forms a parasitic p-n diode. The 
parasitic diode is between the output of the 
LV part and the Vcc 
supply, 
with the 
diode cathode connected 
to Vcc and the 
anode connected to the output node. If the 
Atmel LV EPROM 
is operated 
from a 
three-volt supply and the output node rises 
to 3.7 volts, the parasitic p-n junction 
is 
forward biased by 0.7 volts and will conduct 
current. This diode current will flow even 
though the LV EPROM output is supposed 


Figure 
1. Atmel LV CMOS EPROM Output Buffer 
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Application 
Note 


to be tri-stated (high-Z) via the CE or OE control signals. The 
room temperature 
I/V characteristic 
of the diode is shown in 
Figure 2. The y-axis of the graph, designated "mus," repre- 
sents the DC current flowing from the bus into the Atmel LV 
EPROM 
output. The x-axis, designated 
"VBUS," 
is the data 
bus voltage when the supply level of the LV EPROM is exactly 
3.0 volts. For example, ifthe voltage on the data bus is 4.0 volts, 
the corresponding 
diode current into the LV part's output is ap- 
proximately 
20 mA. If VBUS is increased to 4.5 volts, the cor- 
responding diode current in just one output increases to 60 mA, 
and would be destructive 
over time. It is important to note that 


the LV EPROM data sheets refer to output pin voltage. The data 
sheet section under "Absolute 
Maximum Ratings" specifically 


states that the "Maximum 
output pin voltage is Vcc + 0.75 


VDC which may be exceeded 
if certain precautions 
are ob- 


served." 
What does this mean? It means that, because of the 


effects demonstrated 
by the parasitic diode, voltages on the out- 
put pins in excess of Vcc + 0.75 volts can cause large currents 
to flow into the EPROM outputs and short the two power sup- 
plies together (see Figure 3). 


Each Atrnel EPROM output is designed to withstand an IBUS 
current 
of 
less 
than 
10 
mA 
without 
any 
exposure 
to 


electromigration, 
and over 200 mA without latchup. Since the 


current capability for latchup is so much larger than the amount 
of current required to induce electromigration, 
it is clear that the 


electromigration 
requirement 
will dictate the maximum IBUS 


current. The balance of this application 
note focuses on ensur- 
ing by system design that the magnitude 
of the IBUS current 


into the EPROM is less than 10 mA. The effects of exceeding 
the normal output voltage of the LV supply (over-volting) 
wilI 


not be discussed in detail here. Those characteristics 
should be 
obtained from the battery or voltage regulator manufacturers. 


Results 
Clearly, the most attractive 
design option is to select five-volt 
bus driver devices which do not have strong output drive cur- 
rent (lOH) capability. 
An example 
of this type of device is a 
8096 microcontroller. 
Its IOH characteristic 
is shown in Figure 


4. We are only concerned 
about how much IOH (= IBUS) the 


Figure 2. Atmel LV EPROM IBUS versus VBUS 
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8096 can supply into the LV EPROM above a VOH (= VBUS) 
of three volts. The maximum current the 8096 can supply when 
its VOH is above three volts is less than the 10 mA allowed to 
safely enter the LV EPROM. Therefore, electromigration 
is not 


a concern in this case. However, allowing both power supplies 
to couple across the parasitic diode of the LV EPROM may still 
speed the discharge of a five-volt 
battery and may cause the 


three-volt battery to overheat and vent. 


Contrast the 8096 example with the output characteristics 
of a 


high-current output drive 74HCoo CMOS logic gate (Figure 5). 
Note how the amount of IOH current available 
above a three- 


volt VOH can be 30 mA, more than triple the maximum 
safe 


IBUS current to prevent electromigration. 
What actual IBUS 


will occur when such a 74HCOO part (connected 
to a five-volt 


supply) is driving an Atmel LV EPROM (connected to a three- 
volt supply)? The answer can be obtained 
using a graphical 


technique called load line analysis. 


With load line analysis, you can find the maximum 
DC IBUS 


and VBUS values for any situation. For example, continue the 
analysis for the 74HCoo part to see what the actual mus cur- 
rent wilI be. A load line is created by simply superimposing 
the 


Atmel LV EPROM IBUS versus VBUS curve (Figure 2) with 
the 74HCoo IOH versus VOH curve (Figure 5). Figure 6 is the 
resulting load line. The place the two curves intersect is called 
the operating point and gives an IBUS value of about 20 mA. 
The data bus wilI then sit at a VBUS voltage of about four volts. 
This analysis confirms the suspicion that using a 74HCoo will 
not be safe. Recall that you want an IBUS value below 10 mA 
to prevent reliability damage to the LV EPROM. 


The type of curves used in this load line analysis can be easily 
obtained for any conditions and any part. You should beware to 
use curves obtained for the worst case conditions 
that the sys- 


tem wilI encounter. Most IOHand VOHdata sheet specifications 
are minimum values and sometimes grossly understate the real 
current drive capability of a part. When was the last time you 
encountered 
a CMOS part with only 400 l1A IOH at 2.4-volts 


VOH? Such a specification is a holdover from the days when an 
NMOS design was considered 
fast at 500 ns. Many data sheets 


Figure 3. Parasitic Diode in LV Output Shorts Three- Volt and 
Five- Volt Supplies 
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provide output drive curves only for typical conditions 
(i.e., 
Vcc= 
5 V, temperature 
= 25°C). Most data sheets also provide 
data for only the minimum 
output drive since most customers 
are worried if the part has enough current drive for a heavily 
loaded bus line. However, 
for this mixed power supply design 


analysis we need the maximum output drive current for the five- 
volt driven part. The conditions 
for that maximum output cur- 


rent would occur at lowest temperature 
and highest Vcc, and 


with only one output driving. The last condition is due to the 
parasitic 
resistance 
in a chip's 
package 
and die metal. That 


resistance 
will cause a voltage drop inside the chip that will 


decrease the output current drive. On parts with more than one 
output, the highest 
IOH current 
will occur when the internal 


voltage drop is minimum 
or when only one output is driving. 
The variation in IOH with number of outputs driving, Vcc, and 
temperature 
will exceed 
the variations 
due to processing 
in 


most chips today. You may have to measure the IOH charac- 
teristics yourself to get the data you need. 


The Atmel LV EPROM IBUS versus VBUS characteristics 
will 


also need to be measured at conditions giving the highest current 


Figure 4. IOH versus VOHfor 8096 
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Figure 6. 74HCOO Load Line on LV EPROM 
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for the load line operating 
point 
That current 
will depend 
strongly on the Vcc used for the LV parts. The higher the LV 
Vcc, the higher the bus voltage can go before forward-biasing 
the parasitic diode in the LV part. For the load line analysis, the 
LV EPROM IBUS versus VBUS curve measured at Vcc = 3 V 
is shifted to the right by the difference between the LV supply 
voltage to be used and three volts. Increasing 
the LV Vcc will 
reduce IBUS quickly since IOH for the five-volt part decreases 
rapidly as the operating point moves to the right. The worst case 
LV IBUS versus 
VBUS curve will be obtained 
for highest 
temperature, 
lowest Vcc, and a single output 
high. Figure 7 4 


shows the LV EPROM mus as a function of VB US for a range 
of temperatures 
from -55°C to 85°C. 


In some applications, there may be requirements 
for a high out- 
put current five-volt device or no alternate part available with 
limited IOH. The following 
techniques 
may be useful in that 


case. One technique is to clamp the bus with respect to ground. 
Clamp the bus so that the parasitic p-n junction 
in the LV part 


cannot 
be forward 
biased. 
A three-volt 
zener 
diode 
with 


grounded anode and cathode connected to the data bus can provide 


Figure 5. IOHversus VOH for 74HCOO 
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Figure 7. LV IBUS versus VBUS versus Temperature 


OE - Vcc - 3.0 V 
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IN4370A- 
or IN746A-series 
zener diodes could be used. The 


trade-off 
is the power dissipated 
by the zeners. A three-volt 


zener shunting 
20 mA of current 
will consume 
60 mW of 
power. For eight outputs, 
this could be as high as 480 mW, 
which is a significant 
amount of power to waste in a battery 


environment. 
This will speed the discharge of the five-volt bat- 


tery, but does a very good job of protecting the three-volt supply 
from over-volting 
(or possibly venting the three-volt battery). 


Another technique is to add a small series resistor on each of the 
LV part's 
outputs (Figure 9). The resistor willlirnit 
the IBUS 


current. Figure 10 uses the 74HCOO example again to show how 
the load line plot from Figure 6 is used to quickly calculate the 
value of series resistance needed. You want to move the IBUS 
operating point from the original 20 mA down to 10 mA. The 
circuit consists 
of the original 74HCOO pull-up circuit, repre- 


sented by the original load line, and the new series resistor. The 
current in the resistor and the pull-up will be the same since they 
are in series and should be set to our recommended 
safe 10 mA 


Figure 8. Zener Clamp Bus to Three Volts 
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level. In Figure 10 you will see two points called V. and Vb 
which are where the LV EPROM 
and 74HCOO pull-up load 


lines intersect the 10 mA IBUS current 
level. The difference 


between Vb and V. will be the voltage drop across the series 
resistor when 10 mA of current is flowing. The series resistance 
Rseries is then calculated by the formula: 


Rseries = (Vb - Va) /ldesired 


= (455 - 3.85) V /10 mA 
= 70 ohms 


The power dissipaled in each resistor would be given by: 


Pseries = Idesired 2 x Rseries 


= (10 mA) 2 x 70 ohms 


=7mW 


For eight outputs, the series resistor method only drains 56 mW 
from the five-volt supply, which is much less power than that 
wasted by the zener circuit. Notice that the three-volt 
supply 


will still be over-volted by 0.85 volts. You still need to determine 


Figure 9. Series Output Resistor Reduces IBUS 
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if that over-volting 
will cause excessive battery heating and a 
possible 
venting problem. 
The resistor's 
effect on bus signal 
speed 
will probably 
not be detrimental 
since the 70 ohms 
needed in this example is just slightly higher than the value used 
for a series transmission 
line termination. 
It may be necessary 
to place the series resistors between the high output drive part 
and the common data bus. That way the resistors are only in the 
circuit when the high output part is driving the bus, and lower 
drive current parts will not be current-limited. 
Also, remember 
this example 
was done for room temperature 
and a five-volt 
supply on the 74HCOO. For higher temperature, 
the 74HCOO 
will have less current drive, but the parasitic LV EPROM diode 
will start to forward biasata 
lower VBUS value. You may need 
to do several load line models before fmding a design that covers 
the worst case temperature 
and power supply conditions 
for a 
particular system. 


Figure 
10. Calculating 
Rseries for 74HC 
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Conclusion 
Interfacing 
Atmel LV EPROMs 
on a common 
data bus with 
standard five-volt devices can be achieved if the output drives 
of the five-volt powered 
parts are controlled 
through careful 
device 
selection 
or 
by 
adding 
external 
components. 
The 
problems to avoid are: 


1) failure of the LV part due to electromigration, 
and 


2) battery venting of the LV supply. 


Following these guidelines 
will allow design of mixed power 
supply systems 
which exhibit sound component 
and system 
• 
reliability. 
~ 


______________ 
CMOS EPROM 


The Atmel Three-VoltEPROM 
Family 


AT27LV256R,AT27LV512R,AT27LV010 


• 
Why three-volt operation? 
• 
Does the whole system have to be oper- 
ated at three volts? 
• 
How 
do 
you 
program 
a 
three-volt 
EPROM? 
• 
What happens if you run a three-volt de- 
vice at 3.6 or 4.0 volts? 


The 
Atmel 
AT27L VXXX 
series 
of 
EPROMs 
was designed 
to operate 
over a 
wide range of supply voltages from 3.0 to 
5.5 volts. This offers the designer the oppor- 
tunity to take advantage of either the greatly 
reduced power consumption 
at three volts or 
the ability 
to tolerate 
large power 
supply 
fluctuations. 


The three-volt 
series of EPROMs 
is speci- 
fied to draw a maximum 
of 8.0 mA at 3.3 
MHz when operated 
at 3.3 VDC. This is 
one-fourth 
of the specified 
maximum 
cur- 


rent of a standard EPROM operating at 5.0 
VDC. Because 
of the low supply voltage, 
the power 
savings 
calculations 
are even 


more dramatic: 
26 mW for the LV series 
compared to 150 mW for standard five-volt 
devices. 
That means 
much longer battery 
life. 


The LV series has CMOS inputs and outputs 
specified 
for 
ITL 
levels 
and 
three-volt 
CMOS levels (Rail-to-Rail). 
In other words, 
an LV device with Vcc = 3.0 VDC can drive 
standard five-volt ITL 
logic devices on its 
data output lines making interface with five- 
volt logic easy. The LV series of EPROMs 
can even be safely driven by five-volt sig- 


nals, even though their Vcc is at 3.0 VDC. 
The next question 
that comes 
to mind is 


"Why run just one EPROM 
at three volts 


while the rest of the system uses five volts?" 
One reason is if your system is on a very 
tight power budget, such as battery operated 
equipment, 
daughter 
boards or phone line 
powered products, the six times power sav- 
ings might make significant 
difference. 
Of 


course your design might use more than one 
EPROM, 
for map memory, 
operating 
sys- 


tem, font storage or maybe smart cards. In 
this case the total power savings can be very 
large. Remember 
at 150 mW each, eight 


EPROMs at five volts use 1.2 Watts instead 
of210 mW for the three-volt devices! 


When the three-volt 
devices are in a pro- 


grammer they work just like their standard 
Atmel five-volt counterparts. 
Absolutely no 
difference! Programming 
support is already 
in place and widely available on most pro- 
grammers on the market today. Again they 
erase and program exactly the same as five- 
volt devices. 


The AT27L VXXX series of EPROMs 
are 


specified to operate from 3.0 to 5.5 volts. So 
what happens when the device is operated 
above three volts? It speeds up and draws 
more power, but never more than a standard 
EPROM. This feature offers the most flexi- 
bility for system manufacturers. 
The data 


sheets include a full set of curves that show 
speed and power variations 
versus power 


supply voltage. 
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On-Board, System EPROM Programming 
with Vcc = 5 Volts 


Present day EPROMs 
use Vcc = 6-6.25 V 


during programming. 
This non-5-volt 
sup- 


ply level occasionally 
presents a system de- 


sign problem 
with 
applications 
where 
a 


commercially 
available programmer 
cannot 


be used. This application 
note will briefly 
address the issues associated with using a 5- 
volt Vcc supply during programming. 


Modem EPROM 
programming 
algorithms 
can be divided 
into two sections, 
namely, 
programming 
and verify (or read). The pro- 
gramming algorithm usually proceeds by se- 
lecting 
the desired 
voltage 
levels and ad- 
dress. A programming 
pulse is applied fol- 


lowed by a verify at the elevated Vcc used 
for programming. 


During programming, 
the MOS threshold 


voltage (Vt) of a previously 
erased N-chan- 
nel floating gate EPROM 
cell (Vt = 1.0- 
2.0 V) is raised to 6.5-9.0 V via the accumu- 
lation of electrons on the floating gate by hot 
electron injection. In normal read mode op- 
eration the address decoding circuitry in the 
chip selects the desired cell by pulling the 
gate voltage of the cell to Vcc. Since Vcc is 
typically 4.5-5.5 V, an erased cell with Vt = 
1.5 V would 
be turned 
on while a pro- 


grammed cell with Vt = 7.5 V would remain 
in an off state. If Vcc were raised above the 
threshold 
voltage for the programmed 
cell 


(i.e. Vcc> 
7.5 V), the cell would begin to 


conduct and the programmed 
data would no 


longer be valid until Vcc 
was again low- 


ered. 


The Vcc voltage that causes data loss on a 
programmed EPROM is called the program- 
ming margin. During the programming 
al- 


gorithm the Vcc level is held at 6-6.25 V to 
make sure that each cell is guaranteed 
to 


have a programming 
margin at least to that 


level. This is verified by reading each byte 
twice, once during the initial programming 
section and again during a final read where 
all addresses 
are compared 
to the desired 


data. 


The 0.5- V difference 
between the guaran- 
teed programming 
margin 
and the 5.5- V 
Vcc maximum supply rating provides a re- 
liability 
guardband 
for 
long 
term 
data 
charge retention and, more importantly, 
for 


system noise immunity. Poor programming 
margin can lead to EPROM 
memory chip 
instability 
which 
can 
cause 
apparently 


slower 
operation 
due to oscillations 
and 
false reading. This in turn makes the prob- 
lem directly related to the specific system 
noise environment 
and will vary from appli- 


cation to application. 


By lowering the Vcc voltage to 5.0 V dur- 
ing the programming 
algorithm two effects 
may occur. First, the part may not be able to 
program (i.e., programmed 
cell threshold = 


5.0 V). Second, 
the part 
may 
not have 


enough 
programming 
margin 
to reliably 
work over worst case conditions 
over the 
lifetime of the part. 


The frrst problem is rare since most manu- 
facturers design their EPROM 
technology 
to provide 
a large 
programming 
margin 
guardband 
to account for statistical 
varia- 
tions in the manufacturing 
process. 


The second problem is also considerably re- 
duced by the same margin guardband, 
but 
unlike the first problem which is easily de- 
tectable at the time of programming, 
the sec- 
ond problem may only occur later when the 
parts are in the field. The resulting field fail- 
ure rate may still be acceptably 
small de- 
pending on the application. 


The second problem 
may also result in a 
failure mode even when the nominal 
Vcc 
programming 
voltage is used. In that case 


standard accelerated reliability tests and sta- 
tistical sampling techniques can be used to 
determine failure rates. But such test results 
only apply to parts with the same program- 
ming technique. 
Since those tests require 
great expenditure 
of labor, time, and units, 
significant 
reliability 
data for Vcc = 5 V 
programming 
is not readily available. 
An- 
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other way to get around the possible reliability problem is test- 
ing the parts in such a way so as to screen out any low margin 
parts. This specially tested group will then have the same pro- 
gramming 
margin 
as parts programmed 
at the nominal 
Vcc 


even when they are programmed 
using Vcc = 5 V. 


We have discussed 
general EPROM 
operation 
for most cur- 


rently available 
EPROM 
chips on the market today including 


Atmel's 
EPROM 
line. Atmel's 
chips specifically 
do not have 


any programming 
problem "of the first kind" with Vcc = 5 V. 


This is due to the proprietary 
programming 
circuits 
used in 


Atmel EPROMs. That same programming 
circuitry also makes 


an Atmel EPROM quite insensitive (compared to other EPROM 
suppliers) to the level ofVpp voltage used during programming. 
However, just as with other EPROM suppliers, Atmel can guar- 
antee the same product reliability for Vcc = 5 V programming 
as with nominal Vcc programming 
only if parts are specially 


tested. 


On-Board EPROM Programming 
Tips and Rules for Success 


Users 
of programmable 
memory 
devices, 
such as EPROMS,sometimes take for granted 
how they actually 
are programmed. 
In the 
case of a socketed EPROMa socket must be 
mounted on the PC board, the EPROMis pro- 
grammed 
with 
a commercially 
available 
EPROMprogrammer, 
and then the EPROMis 
put in the socket on the PC board. If the 
EPROMneeds new code it must be erased in 
a UV eraser, reprogrammed 
in the EPROM 
programmer and then returned to the socket. 
All of this seems very simple and routine, 
but 
what 
about 
applications 
where 
the 
EPROMis soldered directly to the PC board, 
such as surface-mount 
assembly 
and high- 


reliability 
applications? 
To make 
matters 
even more complicated, 
what if the Vcc line 
on the PC board can't 
be elevated 
to 6.5 


volts during programming, 
but must be kept 


at 5 volts to keep from damaging other cir- 
cuits on the PC board? Fundamentally, 
this 
is one of the most difficult 
problems 
in 


EPROMapplications: 
programming 
EPROMs 
with only a 5-volt 
supply 
in situ 
on the 


board. For this reason, Atmel offers easy-to- 
program Flash PEROMS.For users that insist 
on sticking with EPROMs,and expect to re- 
program in the system, this article provides 
you with some important guidelines. 


Although 
a commercially 
available 
board- 
level programmer 
can be used, such as the 


Data I/O Boardsite, the distance between the 
device 
and the programmer's 
pin drivers 
(which is on the system PC board) can cause 
some uncertainty. 
If the EPROMSare poorly 


programmed, 
then low programming 
yield, 
low noise immunity 
and lower 
long-term 


data retention problems may result. 


Why should on-board programming 
with 5 


volts be so difficult? 
One would think you 


could just run some extra traces for Vpp, 
Vcc and so on, put a connector on the side of 
the PC board and that's it! It really isn't that 
simple. Most engineers 
who design micro- 


processor systems have a good understand- 
ing of what it takes to design a PC board for 


those systems. But when you design a PC 
board for on-board programming, 
you're es- 


sentially designing 
a programmer 
as well. 


And not every engineer has designed EPROM 
programmers. 
It's not an impossible 
task, 
but you have to know what you are doing. 


The solution 
to the 5-vol!, on-board 
pro- 
gramming 
problem 
is two-fold. 
First, one 
has to understand 5-volt programming. 
One 
thing to read is the application 
note follow- 


ing this one, called Ne:w EPROMs Speed Pro- 
gramming. That application note, along with 
the section of this note on 5-volt program- 
ming, will help one understand the difficul- 
ties with it and how you need to get parts 
tested. Next, one has to understand 
about 
noise-free 
PC board design 
for program- 
mers. The second section of this application 
note contains several design tips to be im- 
plemented when designing a system board if 
there will be EPROMprogramming on-board. 
If parts are correctly 
tested and these PC 
board design tips are followed, 
5-volt, on- 
board programming 
will be a success. 


Programming EPROMs with 
Vcc = 5 Volts 
There 
are several 
programming 
problems 
when someone tries to program an EPROM 
with Vcc= 
5 volts. One of the most import- 
ant reasons that Vcc is set at 6.5 volts when 
programming 
is to verify the programming 
margin 
of the device 
in the programmer. 


This way there is a guaranteed 
1.5 volts of 
programming 
margin (6.5 volts - 5.0 volts = 
1.5 volts). In reality, the programming 
mar- 
gin will probably be greater, but using the 
value ofVcc 
used during programming 
is a 
worse-case 
situation when using the Atmel 
Rapid Programming 
Algorithm. 


If a part is programmed 
at 5 volts, verifica- 
tion of the part after programming 
is also at 
5 volts. If the minimum programming 
mar- 
gin is the value of Vcc used during pro- 
gramming, 
then the EPROMis only guaran- 
teed to work with Vcc = 5 volts. Most of the 
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EPROMcells in the memory core will program up so that their 
margins are more than 7 volts, which provides more than 2 volts 
of margin. But what if only a few cells, or even one cell, pro- 
grams up to only 5.1 volts? This will pass the 5-volt verify dur- 
ing programming, 
but having only a O.I-volt margin is not so 
good. If there is a noisy power supply, the Vcc noise spikes 
would cause the EPROMto give erroneous 
data, since the bad 
cell begins to change state at about 5.1 volts. Additionally, hav- 
ing only a O.I-volt margin 
doesn't 
give much overhead 
for 
long-term data retention. The worst of these failures are margin- 
ally programmed 
parts that give sporadic failures while pro- 


gramming or in the field. 


The solution 
to this problem 
is relatively 
simple: let Atmel 


know when you have a 5-volt programming 
requirement 
and 


the company will screen your parts for programmability 
at Vcc 


= 5 volts. What the screen does is to program your parts at 5 
volts, then verify at 6.5 volts. This special test is performed with 
no programming repair sections in the algorithm. The cells must 
program up to 6.5 volts with only the initial programming pulse. 
With this test, when these components 
are programmed 
in situ 


with a 5-volt programming 
pulse, there will be a 1.5-volt pro- 
gramming margin guaranteed! 


Board Design Layout Hints 
Many people find that their in situ programming 
problems are 
caused not by their programming 
setup but by their PC board 
design. Most boards do look pretty good, but the layout was 
done while considering 
only reading the EPROM,not program- 


ming it. If the printed circuit board in an on-board programming 
setup is not designed correctly, all sorts of programming 
prob- 


lems will crop up. 


Thesepower 
tracesshould 
be approx.0.060' 


\... 
Thesepower 


traces should 
be approx.0.080" 


Following 
is a list of easy-to-follow 
design rules. The rules 


listed here are not all that elementary, although they may seem 
so. They come from the mistakes of many bad designs. Some- 
body else already made these mistakes, so you don't need to! 


Design Rule 1: 
Install a bypass capacitor right 
next to the 


EPROM, and at every other multi-output 
device on your board 
(see Figure I). If multilayer boards with power planes are used, 
mount the capacitor right next to the Vcc pin. CMOScompon- 
ents, although they may save you fair amounts of power, are 
notorious noise generators. 
When the outputs switch on these 


devices, so much current is dumped into the output that ground 
bounce can occur between the chip and the leadframe. (This is 
due to the inductance 
in the bonding wire. That's 
why Atmel 


uses two to three ground 
bond wires.) The combination 
of 


traces, lead frames, and bondwires 
can yield some pretty high 
inductances. 
High inductances and steep slew rates can lead to 
some severe switching noise spikes on the Vcc line. 


The only way to prevent these switching 
noise spikes on the 


Vcc line is to supply current to the device when it needs it most, 
when it is switching. 
This can be accomplished 
by adding a 


O.I-~ 
bypass 
capacitor 
between 
Vcc 
and ground. 
Use a 
stacked or monolithic ceramic capacitor rated at 50 volts with 
either X7R or Z5U dielectric. If the boards are surface-mount, 
use chip caps mounted directly next to the Vcc pin of the de- 
vice. Ceramic capacitors are used because of their low ESt.and 
low high-frequency 
impedance (inductance), 
and for the stabil- 


ity of the dielectric over temperature 
and time. Do not use tan- 


talum capacitors, 
as their high impedances 
at high frequencies 
(from high ESLsand ESRS)prevent them from delivering charge 
to the device fast enough. Also, don't use 0.01-~ 
ceramics for 


Figure 3. (Design Rule 3) Make the data bus traces as wide as 
possible. 
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Traces can be 
necked downto 
0.012"between 
pads 


bypassing. These capacitors have only one-tenth the charge ca- 
pacity of a 0.1-~ 
capacitor, and that's not enough. 


Position 
a 10-~ 
tantalum capacitor 
where the power supply 
cable mounts to the board and another 
one near the EPROM 
somewhere. You won't need to position a 0.1-~ 
bypass capac- 


itor next to the 1O-~ bulk capacitor, since there already is one 
at every device. 


Design Rule 2: 
Keep the power supply traces big (and short). 
Trace widths should be no less than 0.025 inches, while trace 
lengths should be kept shorter than 0.375 inches. Obviously, 
when working with dual-in-Iine 
packaged 
components, 
these 
line lengths will be too short. In this case, trade off line length 
for trace width; if the traces have to be longer, make them a little 
wider. Finally, when you have the board made, specify 1.5- to 
2.0-ounce 
copper 
clad. 
This 
will give 
you sufficient 
trace 
height 


The distance from the power supply to the EPROM should be less 
than six inches. If the power supply is remote (off board), then 
the total distance of power trace length and cable length should 
be less than six inches. Even if power and ground are on planes, 
the mean distance should be less than six inches. If power and 
ground must pass through a cable, the power leads should be at 
least 18-gauge wire (or maybe a 16- or 14-gauge wire depend- 
ing on cable length), and there should be two leads for each, 
power and ground. The power and ground traces should be at 
least 0.060 inches wide, 0.080 inches is even better (see Figure 
2). Major feed-throughs 
should use at least two vias, four would 


be even better, and they should be fIlled with solder. 


Programmer 
• 


Remember, 
this beef-up operation 
is only necessary 
between 


the power supply and the EPROM, and between 
the program- 


ming device and the EPROM. 


Design Rule 3: 
Data lines (07-00) 
should be as wide as pos- 


sible to reduce impedances. 
The data lines are used to write to 


the EPROM as well as read from it, forcing them to be bidirec- 
tional. When the EPROM outputs are switched on, large instanta- 
neous currents get switched around. 
With inductive 
loading, 


these currents can cause the data lines to ring and generate large 
switching 
spikes. Although 
these spikes and the ringing will 


have dampened 
when the data is sampled, they could damage 
other parts that are sharing the same data bus. 


Data line traces should beat least 0.012 inches wide, with O.ol8 
to 0.020 inches preferred. These traces should be routed so that 
their length is minimal (see Figure 3). 


Design Rule 4: 
Use no ribbon 
cables! 
If you are adapting 
from a board-level 
programmer 
to your PC board (which is 
where the EPROM is located), use a printed circuit extender with 
short, wide traces and a good connector at either end, similar to 
a computer 
extender 
card (see Figure 4). Use a minimum 
of 
O.06O-inch trace widths with power and ground pushing 0.080 
inches, on 2-ounce copper clad minimum. 
If you must use a 
cable, build your own with 18- (or 16- or 14-) gauge wire (dou- 
ble-up power and ground) and don't bundle it together with tie- 
wraps. Whatever you do, don't use ribbon cable. Ribbon cable 
was designed to carry low-frequency, 
low-power 
signals. The 


instantaneous 
currents present during programming 
will cause 


problems due to the cable's inductance. 
Additionally, 
the con- 


nectors on either end of the cable are only crimped on, and these 
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connections can sometimes be quite questionable. 
You'll expe- 
rience nothing but problems if you use it. 


Design Rule 5: 
When designing 
(laying out) the PC board, 


route power and ground first, the data lines second, and the ad- 
dress and control bus last. Vce, Vpp and GND should be the frrst 
traces routed and they should be the recommended 
thicknesses 


specified in Design Rule 2. Vpp isn't as critical as the other two, 
but if you have the real estate, make it wide. If these traces are 
laid down first, you can make their widths wide and their 
lengths short and route less critical traces around them. But if 
other traces are routed frrst, it becomes 
difficult to route the 


power traces, and they would wind up snaking all around the 
board. 


After the power traces have been routed, the data lines should 
be laid down. Though they aren't as critical as the power traces, 
the data lines should be made as short as possible, since they are 
bidirectional and the current swings are greater than normal sig- 
nals. Keeping these traces short will minimize bus ringing. 


Finally, the address and control bus lines can be done. These 
lines are inputs with only 8 pF of capacitance, and trace widths 


and lengths aren't critical. You can snake these traces around 
the power traces and the data line traces, and use as many vias 
as necessary. 


Design Rule 5: 
Route traces In this order 


Route First 
Power and Ground Traces 
Bypass Capacitor Traces 
(0.60" to .080" preferred) 


Route Second 
Data Bus (07-00) 
(0.16"to 
.020" preferred) 


Route Third 
Address Bus ffiL<-~ 
Control Bus (OE, CE) 
(more than .005" preferred) 


These are five design rules to follow when designing 
a board 


with on-board 
EPROM programming. 
You can deviate slightly 


from these as necessary, but not too much, especially if you've 
never designed a programmer 
before. 


Introduction 
In 
designing 
and 
manufacturing 
certain 
modem-day 
products, 
the methods used to 
build these products are often as important to 
the design engineer as the components them- 
selves. 
This 
is true about 
programmable 
memory 
devices 
as 
well, 
especially 
EPROMs. 
Since 
many 
vendors 
use their 
own unique programming 
algorithm, which 
is based 
on 
the 
process 
used 
to 
make 
EPROMs, 
the 
design 
engineer 
needs 
to 
know about the algorithm during the system 
cycle to insure that the EPROMs 
can ulti- 
mately be programmed. 


This 
application 
note 
will 
introduce 
the 
Atrnel RAPID programming 
algorithm 
and 
briefly explain why this algorithm 
is supe- 
rior to others. In addition, it will give an in- 
troduction 
to EPROM 
technology 
and the 
mechanics 
of programming. 
These should 
provide a basic understanding 
in the grow- 
ing field of EPROMs. 


Programming EPROMs the 
RAPID Way 
When Atrnel reduced the geometry of some 
of its EPROM products recently from 1.5- to 
1.2-~ line width, the Company 
adopted 
an 
entirely 
new 
programming 
algorithm 
for 


Figure 
1. 
Cross section of a typical EPROM cell. 
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these devices. A reason for this algorithm 
change was to improve programming 
yields 
and lengthen long-term data retention. This 
was accomplished 
by using a shorter pro- 
gramming-pulse 
length 
during 
program- 
ming. The new RAPID 
algorithm 
reduces 
the l-ms programming 
pulse width of the 
original FAST algorithm to only lOO~, 
and 
it 
completely 
eliminates 
extra 
over- 
programming pulses. 


But higher yields and increased 
reliability 
aren't 
the only benefits 
the RAPID 
algo- 
rithm provides, it also takes less time to pro- 
gram these new devices. The RAPID algo- 
rithm can reduce the programming 
overhead 
costs by a factor of 40! Here's how it works: 


If you 
program 
an AT27C5l2R, 
5l2-K 
EPROM 
in a single-device 
programmer, 
using the FAST or any other type of l-ms 
algorithm 
(l-ms 
initial 
pulse, 
plus 
3-ms 
overprogramming 
pulse) the time spent pro- 
gramming will be: 


524288 bits + 8 bits/byte = 65536 bytes 


65536 bytes x .004 seconds/byte = 
262 seconds 
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programmed 
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formed when electrons 
are al1racted 0 
select gate's positive 
potential 


Electrons have enough 
energy caused by the 
high field in the 
channel near the 
drain III jump the 
oxide berrie, 


That's 262 seconds, or 4 minutes and 23 seconds. This works 
out 
to about 
a 75 cents 
programming 
cost, 
assuming 
an 
operator's 
rate of $10 per hour. Here's where the cost savings 


start: since we cannot reduce the number of bits to program, we 
reduce the total programming 
time by shortening the program- 
ming pulse width. Using 100 !!S per byte, this is what happens: 


65536 bytes x .0001 seconds/byte = 6.5 seconds 


This amount of programming-time 
savings is what can be ex- 
pected when using the RAPID algorithm. The big improvement 
is from reducing the total byte-programming 
time from 4 ms to 
100 !!S. With this example, 
total programming 
cost is about 
three cents. The RAPID algorithm 
can actually save up to 72 
cents per device. Imagine how much can be saved with 10,000 
EPROMs! 


There's 
more to the RAPID algorithm 
than shorter program- 
ming times and cost savings. It has a special way of checking 
that each cell is correctly programmed, 
and that cells are pro- 
grammed 
with the required 
amount 
of charge. 
In fact, the 
RAPID algorithm even guarantees that the EPROM is correctly 
programmed. 
Programming 
algorithms 
of the FAST type, or 
their relatives, the QUICK-PULSE 
types, check each memory 
location for the programmed 
data immediately 
after program- 


ming that location. This check, which takes place before the 
[mal verify at the end of the programming 
cycle, is basically an 


"insurance" 
check, because it is performed at an elevated volt- 
age, which is a worst-case condition. There is a flaw, however, 
in this type of programming 
algorithm: memory locations that 
have been previously 
programmed 
can be partially erased by 
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on the same row or column in the memory array) and margin- 
ally programmed 
cells will go virtually undetected. 
The ques- 


tion is, doesn't the programmer check each device during verify 
after programming? 
Wouldn't 
those failures be caught then? 


Not necessarily, because when parts are checked during the pro- 
gram verify mode, the voltage is not elevated as high as it was 
during programming. 


The RAPID programming 
algorithm 
was designed to fix this 


oversight. First, it goes through the entire device and programs 
every cell without checking. Then it goes back to the beginning 
of the memory array and verifies the data in each cell at the 
elevated voltage. Once the device passes, another final verifica- 
tion is done at 5 V. The RAPID algorithm will do a better job at 
preventing any marginally programmed 
parts from passing the 


programmer 
than other algorithms. 


An important fringe benefit of the RAPID algorithm, because of 
the way it guarantees successful programmability, 
is long-term 
data retention. Basically, long-term data retention is how long 
the EPROM stays programmed, 
which is typically greater than 
ten years. Although long-term data retention is not the same as 
device programmability, 
they are related in this way: program- 
mability tells how well the electrons have accumulated 
on the 


EPROM's 
floating gate,long-term 
data retention tells how long 
the electrons will stay there. The programming 
algorithm has an 
overwhelming 
influence 
on programmability, 
making 
it an 
overwhelming 
influence 
on long-term 
data retention 
as well. 


Therefore, 
a poor programming 
algorithm, 
one that doesn't 
guarantee programmability, 
can be responsible 
for poor long- 


term data retention. The RAPID algorithm can add years of data 
retention to your parts, because of the way it checks for pro- 
grammability. 
Marginally programmed 
parts just don't stand a 


chance of getting past the programmer. 
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EPROM Programming, How it Works 
Contemporary 
EPROM 
programming 
algorithms 
can be di- 
vided into two main sections, programming 
and verifying ( or 
reading). Programming 
begins by selecting the desired voltage 
levels and byte address. It continues with a programming 
pulse 
applied to that byte, followed by a verify at the elevated Vcc 
used for programming. 
Verifying checks the data in two passes 
with the original data, with Vcc set to 5.5 V on the first pass, 
and 4.5 V on the second. 


Basically, EPROMs are programmed 
through the accumulation 
of electrons on the floating gate of an N-Channel EPROM cell 
(see Figure I) by the process of hot -electron injection. Hot-elec- 
tron injection is where electrons, flowing as a current between 
the drain and source of a saturated EPROM cell, gain enough 
energy from the high electric field to jump the oxide barrier 
between the channel and the floating gate (see Figure 2). Before 
programming, 
the MOS threshold 
voltage, 
Vrn 
(otherwise 
known as the gate threshold voltage) of the erased floating-gate 
EPROM cell is about 1.0 to 2.0 V (see Figure 3). After program- 
ming, its threshold voltage is about 6.5 to 9.0 V, due to the ac- 
cumulated electrons on the floating gate. In read mode, the ad- 
dress decoding circuitry in the chip selects the desired cell by 
pulling the gate voltage of the cell to Vcc. Since Vcc is typi- 
cally 4.5 to 5.5 V, an erased cell with a Vrn = 1.5 V would be 
turned on (Figure 3), while a programmed cell with a Vrn = 7.5 
V would remain off (see Figure 4). This floating-gate process is 
how a single MOSFET-like 
transistor can provide for the two 
logic levels used in digital circuitry. 


If Vcc is gradually raised in voltage to a point near the thresh- 
old voltage of a programmed 
EPROM cell, the cell would just 
begin 
to conduct, 
and would 
no longer 
appear 
to be pro- 
grammed. This point, where the programmed 
EPROM cell be- 


gins to look unprogrammed, 
is defined as the programming 
margin (see Figure 5). The value of the programming 
margin 


Figure 4. 
Programmed 
cell. Note how VTH raises after elec- 
trons are accumulated 
on the EPROM floating 
gate from programming. 
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Figure 5. 
Programming 
margin. To fmd programming 
mar- 
gin, increase gate voltage (Vcc) until the fust "0" 
turns into a "I." 
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can, in some cases, be simply equal to the value of the Vcc 
voltage present during programming. 
This is why the RAPID 
algorithm holds the value of Vcc constant at 6.5 V during pro- 
gramming; to insure that each EPROM cell has a programming 
margin of at least that voltage. This margin is verified by read- 
ing each byte twice. once during the initial programming 
oper- 
ation and again during 
the final read (or verify) operation, 
where the data from the EPROM 
is compared 
to the desired 
data. The difference between the value of Vcc during program- 
ming (the guaranteed programming 
margin) and the 5.5- V Vcc 
maximum supply rating (from the data sheet) serves as a reli- 
ability guardband 
for long-term 
data retention 
and, more im- 
portantly, for system noise immunity. Poor programming 
mar- 
gin can reduce system noise immunity and lead to EPROM chip 
instability due to power-supply 
noise on the Vcc pin. This in- 
stability can cause oscillations 
and read-mode 
data glitching 
that can be a problem in even in the slowest and most noiseless 
of systems. Since power-supply 
noise is a somewhat 
random 
occurrence, 
data errors can happen 
non-reproducibly, 
which 
can undermine the reliability and integrity of the host system. 
These problems can be avoided by using the programming 
al- 
gorithm recommended 
by the EPROM chip vendor. The higher 
the guaranteed programming 
margin, the less likely any prob- 
lems will occur. 


Another important benefit of high-programming 
margin is that 
it extends the long-term data retention of the device. If the 6.0- V 
programming 
margin (FAST algorithm) 
on the EPROM grad- 
ually diminishes 
to 5.5 V over a lO-year time span, the ran- 
domly occurring 
noise spikes on the Vcc line can cause the 
EPROM to yield faulty data. On the other hand, given the same 
discharge 
rate (as a function 
of the silicon processing), 
an 
EPROM with a programming 
margin of 6.5 V (RAPID algo- 
rithm) would take over 20 years to reach the 5.5- V threshold 
that would lead to faulty data yield. All things being equal, bet- 
ter programming 
margin leads to longer data retention. 
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Guaranteeing Programmability 
Most people might ask, "What's 
in a programming 
algorithm? 
Aren't they all the same?" That question would have been an- 
swered with a resounding 
"YES" 
10 years ago when, quite 
frankly, they were the same. But it's not true today. There are 
over 35 manufacturers 
making EPROMs, and few of them use 
the same programming 
algorithm. Today, the programming 
al- 
gorithm is as important to EPROM testing as the actual device 
testing procedure. 
In fact, the device test procedures are often 
(if not always) based upon the programming 
algorithm. 
The 
programming 
algorithm 
has a direct effect on EPROM 
test 
yield, and manufacturers 
select their programming 
algorithms 
so they can obtain the highest yield possible. Additionally, 
the 
programming 
algorithm 
is directly responsible 
for the number 
of devices that pass the customers programmer, 
which is caUed 
programming 
yield. This is of vital importance to an EPROM 
manufacturer 
like Atmel, since the worst place for an EPROM 
to fail programming 
is in the customer's 
programmer. 
With this 
in mind, let's look at how the RAPID algorithm can guarantee 
better programmability 
than a common type of quick-pulsing 
algorithm. 


Program. 
Verily, 


Repair 
Section 


We'U begin by comparing a common type of quick-pulsing 
al- 
gorithm with the Atmel RAPID algorithm. 
Examine Figure 6, 
which is the flowchart 
for the QUICK-PULSE 
type of algo- 
rithm. If you look very closely you will see that the algorithm is 
broken up in to two major sections. The main part is the pro- 
gram/verify 
section, the other part is the fmal verify section. 
Basically, the fltst section starts at byte address 
OOOOH, pro- 
grams the eight EPROM ceUs at that address, and verifies that 
those ceUs contain the correct data with a verify at 6.25 V on 
Vce. If the byte passes, it goes on to the next byte. If it fails, it 
repeats everything up to 25 times before it fails the device. The 
second section lowers the Vce voltage to 5.0 V and checks if all 
address locations read with the correct data. Although the flow- 
chart specifies a one-pass final verify at 5.0 V, many program- 
mers verify in two passes, one with Vce at 4.75 V and the other 
with Vce at 5.25 V. 


Now examine Figure 7, the Atmel RAPID algorithm. 
It looks 
similar to the quick-pulsing 
type of algorithm, but with a slight 
difference. If you look closely you'U see that it consists of three 
sections instead of just two. The fltst section is the program- 
ming section, where the programmer 
programs every location 


Verify, 
Repair 
Section 


Program 
{ 
Seclkln 


Figure 8: 
Row of EPROM cells from AT27COlO. Note that 
the programming 
margin of each cell is 0, which 


allows each bit to read a "1". 


Figure 9: 
Bit 0 has been programmed, 
(QUICK-PULSE 


algorithm) 


in the EPROM without verifying. Next there is the verify/repair 
section, where the programmer 
starts at the beginning 
of the 
EPROM and verifies every location for the correct data at 6.5 
V. Any cells that don't pass are reprogrammed 
up to ten times 


before the device is failed. The last section lowers Vcc to 5.0 V 
and does a final verify of the data (here again, most program- 
mers verify in two passes, one with Vcc at 4.75 V and the other 
with Vcc at 5.25 V). This type of programming 
algorithm 
is 


called a two-pass algorithm, because it goes through the mem- 
ory array twice during programming. 


Well, this all sounds fine, but what difference can the program- 
ming algorithm possibly make? We can find the answer to that 
question 
in a particularly 
sneaky deprogramming 
mode that 
EPROMs can exhibit. We all know that EPROMs are erased by 
exposing 
them to short-wave 
ultraviolet 
light, right? Nothing 
more than applying Einstein's 
discovery of the photoelectric ef- 


fect. But there is another erasure mode that can occur, one that 
people in the E2PROM 
business know about. If you were to 


examine 
some EPROM 
cells in an electron microscope, 
you 


might find a few that have small, tooth-like projections 
(called 


asperities) on the top of the floating gate polysilicon. These pro- 
jections won't affect the normal operation of the EPROM, but 


they could give you problems during programming. 
When you 
program a row of cells on an EPROM, cells that have been pre- 
viously programmed still feel the full brunt of the high Vpp volt- 
age on their gates when subsequent 
cells on the same row are 


programmed, 
because all of the cells on a row have their gates 


connected 
together. 
The combination 
of high voltage on the 


gate and ground on the drain and source causes an intense elec- 
tric field in each previously programmed 
cell. If anyone 
of the 


cells on that row have these tooth-like projections on their float- 
ing gate polysilicon, 
the resulting 
electric field in the oxide 


above the projections 
will be much more intense than normal. 4 


This intensified electric field can give some of the electrons on 
the floating 
gate enough 
energy 
to jump 
the oxide barrier, 


thereby partial1y erasing the EPROM 
cell. This unwanted ef- 


fect, called programming 
erase, can be responsible for poor pro- 


gramming 
margins 
unless the programming 
algorithm 
takes 


this problem into account. 


Before we continue, it's important 
to realize that this type of 


cell doesn't have a reliability 
problem, it has a programmabil- 


ity problem. This cell will have the same long-term data reten- 
tion as any other cell in the device, even if it loses part of its 
programming charge. Although it is an EPROM, it has the same 
charge 
retention 
characteristics 
as 
many 
manufacturers' 


E2PROM cells that use this type of erasure mode, and they all 
exhibit excellent long-term data retention. The challenge is to 
find these low-margin cells in the device with our programming 
algorithm, and to repair them so that the device functions nor- 
mally. 


Let's see what kind of impact a cell like this can have on pro- 
gramming margin by programming 
a row of EPROM cells from 
our AT27C01O one-megabit 
EPROM 
with both algorithms. 


The array geometry on the one-megabit 
is 128 columns by 1024 


rows, by 8 outputs. This means that a single row from a single 
output has 128 EPROM cells. Let's say that the second cell on 
this row, bit 1 (we'll call them bits and start with bit 0), has an 
asperity, just like the one mentioned above. When we go to pro- 
gram bits 2, 3, 4, etc., the voltage present on the gate of bit 1 
causes the E2PROM-like 
erasure mode. Given enough subse- 


quent bits to program, bit 1 may lose enough charge to appear 
unprogrammed. 
Let's take a look at how the QUICK-PULSE 
type of algorithm will fail the device, or even worse, pass it with 
poor programming 
margin. Then we'll see how the RAPID al- 


gorithm will program it such that it works perfectly! 


Ifwe examine Figure 8, we see the row of EPROM cells taken 
from our AT27C01O one-megabit device. Recall that bit 1 is the 
cell that's having the programmability 
problem, while the rest 


of the bits function normally. For the sake of example, let's say 
that for each subsequent bit after bit 1 that's programmed, 
bit 1 
will lose eight millivolts (mV) of programming 
margin. Let's 


also assume that the nominal programming 
margin for each cell 


is at least the value of Vcc present during programming, 
which 


is 6.25 V for QUICK-PULSE 
type algorithms and 6.5 V for the 


RAPID algorithm. Starting with the QUICK-PULSE 
type of al- 


gorithm at bit 0, we program it, verify it, and find that it passes 
(remember our flowchart from Figure 6?) with the correct mar- 
gin (see Figure 9). We move to cellI, 
program it, verify it, and 


Figure 
12: Bit 3 has just been programmed. 
Notice that bit 1 
has been further erased. 


Figure 
13: The entire row has been programmed. 
Notice how 
much bit 1 has been erased. 


it passes (see Figure 10). Remember, 
bit 1 only loses voltage 
margin when subsequent cells are programmed. 
Now we move 


on to bit 2, program it, verify it, and in the process reduce bit l' s 
programming 
margin down to 6.242 V (see Figure 11). Next we 


go to bit 3, program it, verify it, and in turn reduce bit 1's pro- 
gramming margin down to 6.234 V (see Figure 12). This pro- 
cess continues 
until we get to bit 127. By this time bit 1 has 


experienced 
126 subsequent 
cell programming 
cycles, and its 
programming 
margin will be reduced to 5.242 V (see Figure 


13). Since the QUICK-PULSE 
type of algorithm does its high- 


voltage verify immediately 
after programming, 
the algorithm 


has no way of knowing what has happened to bit 1, once it fm- 
ishes programming 
it Only when the algorithm 
does its final 


verify with Vcc set at 5.25 V could it detect that bit 1 is not fully 
programmed. 


In this example we were able to detect bit 1 as being bad, and 
we would fail the device. But what if bit l' s erasure rate was 
slightly less than 8 mV per subsequent cell, say 7.7 mY? Bit l's 
margin might be somewhere 
around 5.3 V, which would prob- 


ably pass the 5.25- V verify check on our programmer. 
But re- 
member the problem that we discussed earlier, about the power 
supply noise glitches messing up the operation of devices with 
low programming 
margin? A device with only 5.3 V of margin 
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glitch occurring 
during data access 
on the Vcc 
line of this 


EPROM could easily change the output from a "0" to a "I". 
And, to make matters 
worse, 
this problem 
would probably 


occur randomly; 
the eventual diagnosis 
being that the device 


was intermittent 
The unfortunate 
truth is that there is nothing 


wrong with the EPROM, it's the programming 
algorithm that's 


at fault. 


So let's go back to our row of 128 EPROM cells, erase them, 
and reprogram them with the RAPID algorithm. Remember that 
with the RAPID algorithm the initial program and verify rou- 
tines are located in different sections of the algorithm, they are 
not contained within the same loop. Starting at bit 0, we pro- 
gram it (to 6.5 V this time, see Figure 14). Then move to bit 1, 
and program it (see Figure 15). Next to bit 2, program it, and in 
turn reduce bit l's programming 
margin to 6.492 V (see Figure 


16). Then on to bit 3, program it, and further reduce bit 1's pro- 
gramming margin to 6.484 V. We continue programming 
until 


we get to bit 127, and you'll find that the programming 
margin 


for all the cells looks similar to figure 8 (see Figure 17). But 
wait, we're not finished yet We move back to the beginning of 
the EPROM array, which is bit 0, and verify that it has 6.5 V of 


Figure 
14: 
Bit 0 has just been reprogrammed 


(RAPID algorithm). 


Figure 
16: 
Bit 2 has just been programmed. 
Notice how bit 1 
has been slightly erased again. 


programming 
margin. Since we are verifying at 6.5 V, we pass 
it. We now move to bit 1 and notice that its programming 
mar- 
gin is 5.492 V. This failsour6.5-V 
verify, so we program it one 
more time and raise its margin back to 6.5 V, then pass it (see 
Figure 18). Then we move to bit 2, and pass it, since its pro- 
gramming 
margin is also 6.5 V. Notice that we didn't depro- 
gram bit 1 in the process of verifying bit 2. We only deprogram 
bit 1 when we program subsequent 
cells; reading or verifying 
(which is reading) doesn't 
generate the intense electric fields 
needed to deprogram 
EPROM 
cells. After verifying 
(and re- 
pairing) this row of cells, we return Vcc to 5.25 V, do a final 
data verify, then pass the row (see Figure 
18). Now compare 
Figure 18 with Figure 13. That's how the RAPID algorithm can 
guarantee programmability! 


Well, you may ask, what if we had five problem cells on the 
same row? Wouldn't 
the additional programming 
pulses during 
the verify function deprogram previously programmed and ver- 
ified cells? They probably would, but the maximum amount of 
deprogramming 
on the rrrst bit (using this model) would be only 
32 mV (4 x 8 mY). This gives us a programming 
margin of 
6.468 V, which is still an excellent programming 
margin. 


When you compare the QUICK-PULSE 
type algorithms to the 
RAPID algorithm, 
there really is no comparison. 
The RAPID 
algorithm simply guarantees programmability, 
and we demon- 
strated this with the deprogramming 
bit example, which is one 
of the trickiest programming 
problems 
you can have. But the 
RAPID algorithm 
caught the problem, and repaired the bit so 
that the EPROM will function normally. That's why Atmel has 
changed 
its EPROMs 
programming 
algorithms 
over to the 
RAPID algorithm, and why all new devices will use this algo- 
rithm. You'll be glad we did! 


Figure 
17: 
The entire row has just been programmed. 
NOlice 
how much bill 
has been erased. 


Figure 
18: 
The entire row has just been verified at 6.50 volts .• 
Notice how bit I has been repaired, its margin being returned to 
6.50 volts using the RAPID algorithm. 
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As the market for nonvolatile 
memory parts 
in surface 
mount 
packages 
increases, 
so 
does the interest 
in simple, 
low cost pro- 


gramming 
socket adapters. 
These adapters 
allow users of standard programming 
equip- 
ment to program any package type including 
LCC (leadless), 
SOIC 
(gull-wing), 
PLCC 
(J-Lead), 
and f1atpack. The adapter 
plugs 
into the programmer 
in place of a 600-mil or 
3OO-mil DIP package of the same part. The 
surface mount part to be programmed 
then 
plugs into the socket on the adapter. 


The two major disadvantages 
of building a 
socket adapter are: 


• 
Little or no support 
from programmer 
manufacturers. 


• 
Prolonged 
use of socket adapters using 
wire-wrap pins is not recommended 
due 
to spring 
tension 
loss damage 
of the 
programmer's 
zero insertion force sock- 


ets. That may degrade the reliability 
of 
the programmer 
when the adapter is not 
used. 


The advantages 
are more obvious. 
Some 
manufacturers 
charge 
up to $500 
for an 
adapter which slides or plugs into the pro- 
grammer 
compared 
to about $100 for the 
hardware described here. 


Assembly of a custom programming adapter 
is very simple. Table I describes the typical 
piece-parts needed. Table 2 lists sockets and 
piece-part 
sources 
for different 
package 


configurations. 
The 
finished 
adapter 
is 


about 2 inches square and 1.5 inches high. 


As listed in Table 2, Emulation Technology, 
Inc., (408) 982-0660, can supply the adapter 
sockets preassembled, 
but we recommend 


you order the parts as an UNSOLDERED 
KIT to 


facilitate 
attaching 
the 
decoupling 
cap- 
acitors. The additional wire shunts (not re- 


Item No. 
Qty. 
Description 
T 


(1) 
1 
Zero insertion force socket. 
~ 


(2) 
2 
Wire wrap strips with 100 mils pin centers and about 
500 mils long on the end which will plug into the 
programmer's 
socket and 200 mils long on the opposite 


end to attach to (5) below. 


(3) 
2 
Wire wrap strips similar to (2) above except only 100 
mils and 200 mils long to connect (4) and (5) below. 


(4) 
1 
PC board to acceptthe 
socket (1) and run traces to the 


edge of the card connecting to (3). 


(5) 
1 
PC board to run traces from the card edge (3) to the two 
strips (2) (usually separated by 600 mils). 


(6) 
20" 
#16-18 insulated stranded copper wire. 


(7) 
1-2 
0.1-j.LFceramic high-frequency 
decoupling capacitors. 


(8) 
1 
(Recommended) 
Pin socket board to fit between (1) and 


(4) to allow easy replacement 
of the socket (1). (8) is 


soldered to (4) and (1) plugs into (8). Zero insertion 
force sockets wear out quickly so replaceability 
is a 


good feature to have. 
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quired if a -LN kit is ordered from E1) and capacitors are essen- 
tial to reduce inductive noise effects during programming 
and 
to maintain 
adequate 
programming 
yield. It is necessary 
to 


"beef-up" all the power 01cc. Vpp) and ground (Gnd) connec- 
tions by adding 
short jumpers 
of wire (6) running 
from the 


socket (I), around the edge of the module and finally to the pins 
of item (2) on the bottom of the module. Bypass capacitors (7) 
must be soldered between Gnd and Vcc or Vpp (if applicable). 
The leads on the capacitors must be trimmed as short as possible 
and soldered as close to the socket (I) as possible (on the wide 
traces on the -LN board (4». The other end of each capacitor 
will be connected to short stranded wires (6) running from the 
top, around the edge of the adapter, and finally soldered to the 
ground pin of item (2). 


Assembly 
proceeds 
as follows 
(see Figure 
I and note that 
jumper wires (6) are not required if a -LN kit is used): 


I) Trim the leads on the jumper wires (6) to about 3.0 inches. 


Solder capacitors (7) with shrink-wrap 
insulation on the cap 


leads. and jumper wires (6) under the socket (I) (or under (8) 
if socket replaceability 
is needed) in such a way that they do 
not interfere with attaching the socket (or (8» to the board 
(4). (If a -LN kit is used, just solder the capacitors 
on the 


wide traces provided on board (4).) 


2) Solder the socket (or item (8» to the PC board (4) and trim 
the pins on the socket flush to the board (4). 


3) Solder the shorter pin strips (3) to the outside of board (4) 


with the spacers on the side away from the socket (I). 


4) Solder the longer pin strips (2) into the other PC board (5) 
such that the spacers stick out of the bottom of the adapter. 


These longer pins will be used to plug directly into the pro- 
grammer socket. Trim the shorter leads of (2) flush with the 
board (5) after soldering. 


5) Solder the PC board (5) to the short pins protruding below PC 


board (4). 


6) (Omit this step if a -LN kit is used.) Connect all the Vcc. Vpp 


(if applicable) and Gnd wires which were connected in step 
(I) to their appropriate 
pins on item (2) on the underside of 


the assembly close to the protruding 
spacer in such a way 


that they will not interfere 
with plugging 
the completed 
module into the programmer 
DIP socket. Trim these shunt 
wires as short as possible to minimize inductance effects. 


This application 
note has described how to build a simple and 
cheap programming 
adapter socket to support a wide variety of 


nonvolatile memory product packages available from Atmel. 


(I) 
__~ 
(4) 
• 


(7)und~ 


(3) 
/ 


(5) 
'. 


(2)--- 
• 
(6 not shown) 


Package 
Type 
Pin Count 
Emulation 
Technology(1) 
Socket 
Manufacturer 
Part No. 


LCC 
28 
AS-28-28-01-L6-LN 
Textool(2,3) 
228-4960 


32 
AS-32-28-01-P6-LN 
Yamaichi 
IC51-0324-453 


32 (27C010) 
AG-32-32-01-L6-LOW 
Textool 
232-5427 


44 
AS-44-40-08-L6-LN 
Textool 
244-5292 


32 (27C010) 
AG-32-32-01-P6-LOW 
Textool 
232-6917 


PLCC 
32 
AS-32-28-01 P-P6-LN 
Yamaichi 
IC51-0324-453 


44 
AS-44-40-08-P6-LN 
Textool 
244-5292 


JLCC 
32 
AS-32-28-01-K6- 
YAM 
Yamaichi 
IC51-453-K510011 


32 (27C010) 
AS-32-32-01-K6- 
YAM 
Yamaichi 
IC51-453-K510011 


44 
AS-44-40-08-P6-LN 
Textool 
244-5292 


SOIC 
28 
AS-28-28-015-6-GANG 
Enplas 
FB-28-1-27-07 


28 
Call Atmel 
Yamaichi 
IC51-937-K510369 


Notes: 
I. ET can also supply 
finished 
adapter 
sockets 
built per 


this application 
note or other customer 
requirements. 
2 Made 
by 3M. Check 
with your local distributor. 


3. Windowed 
LCC packages 
(i.e .• EPROMs) 
require 


removal 
of the circular 
bumper 
in the Textool 
socket 
lid 


which 
snaps apart. Non-windowed 
packages 
(i.e., E2pROMs. 


OTPs) 
do not require 
any socket 
adjustmenl. 


--p-ri-ce-s-f-ro-m-$-6-7-.00-t-O-$-1-48-.-00---·~ 
LCC / PLCC / SOIC to DIP Adapter 
ADAPT-A-SOCKET® 
LCC / PLCC / SOIC to DIP 


• For programming 
PROMS, PLDS, 
EPROMS, EEPROMS, PALSt 
• Production ATE testing 
• Test points provided for each signal 


Decoupling capacitors can be added. 
Available for LCC, PLCC and SOle. 
Natural for prototype processing. 
Sturdy base contact pins. 
Saves development 
$$$. 


ADAPT-A-SOCKET 
converts your Dual-In- 
Line (DIP) sockets to ceramic Leadless Chip 
Carrier (LCC), Plastic Leaded Chip Carrier 
(PLCC) and Small Outline Integrated Circuits 
(SOIC) sockets in just seconds. 
Without having 
to purchase expensive equipment. 
Just plug 


~ 


T 


.90" 


.3" 0;;" 
~ 
1.30"---1 
[0]1 m~ 


~ 
B---1 
1.400"1 


Number 
of 
Top Pins 
A 
B 


16 
1.60 Max 
1.45 


20 
24 
28 
32 
1.60 
32 AG* 
.90 
52 
1.80 


ADAPT-A-SOCKET 
into your programmer 
socket, bum-in board or test head and you're 
ready to go. 


Call Factory 
for Cross Reference 
Guide 


Specifications 


·SOCKET 
(LCC, PLCC, SOIC, FLAT PACK) 


Body Material 
Ryton 


Contact Material 
BeCu 
Contact Plating 
30 Microinches of 


............................................... 
Gold over Nickel 


·PHYSICAL 
Lids and latches are replaceable. 


• BASE 
(DIP. 
PGA. 
LCe. 
PLCC) 


Body 
Material 
FR4 
Contact 
Material 
BeCU 
Contact 
Plating 
30 Microinches 
of Gold 
over 
Nickel 


• ELECTRICAL 


Contact 
Resistance 
25 MilliOHMs 
per Contact 
MAX. 


In,ulation 
Resistance 
20 MegOHMs 
MtN.@50VDC 
Capacitance 
2.0 Pieo-Farads 
between 
........... any pair of isolated 
contach 


• TEMPERATURE 
RATING 
....•............ 
-SS'C 
10 + 12ST 


Insulator 
Material 
Glass-filled 
nylon 
black. 
UL94V·O 
Contact 
Material 
Phosphor 
Bronze 
Current 
Rating 
I Amp 
Voltage 
Raling 
300 
VRMS 


Dielectric 
Withstanding 
Voltage 
500 
VRMS 


Insulation 
Resistance 
>1.000 
MegOHMs 
Temperature 
Rating 
-5S·C 
to 12S·C 


® ADAPT-A-SOCKET 
i., registered 
trademark 
of Emulation 
.. 
* AG-32-28·01 
P·6 is available 
for gang programmers 
Technology. inc. 


Emulation 
Technology. 
Inc .• 
2368B 
Walsh 
Avenue. 
Bldg. 
D 
• 
~an," 
Clara. 
CA 95051 
• 
(408) 
982·0660 
FAX: (..lotlj11112-1)M.l 
TLX 1111111M 
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• 
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Product Information 


E2pROMs 


PEROMs (Flash) 


EPROMs 


PROMs 


SRAMs 
• 
EPLDs 
• 
Gate Arrays 
• 
Logic 
• 
Smart Card ICs 
II 


Mixed Signal 
•• 
Microcontroller 
II 


Packaging Services 
II 


Quality and Reliability 
• 
Military 
• 
Die Products 
• 
Standard Package Outlines • 


Alim 


AlmEL 
------ 


AT28HC191/L 
2K x 8 


AT28HC291/L 
2K x 8 
AT27HC641R/2R 
8Kx 8 


High Speed. 16K Reprogrammable [E2jPROM 
5-3 
High Speed. 16K Reprogrammable [E2jPROM 
5-11 
High Speed. 64K Reprogrammable [UVjPROM 
5-19 


AlmEL 


• 


Features 


• 
Fast Access Time· 
35 ns 
• 
Low Power Dissipation 
100 l!A Standby Current (AT28HC191L) 
80 mA 
Active Current 
• 
E2PROM Technology· 
1()()Ok Reprogrammable 
• 
DIrect Replacement 
for BIpolar PROMs 
• 
Reprogrammable 
1000 tImes 
• 
Chip Clear 
• 
JEDEC Approved 
Byte-Wide Pinout 
Industry Standard 6QO-mll Wide Package 


• 
CMOS and TTL COmpatible Inputs and Outputs 
• 
High Reliability High Speed CMOS Technology 
• 
Full Military, COmmercial, and Industrial Temperature 
Ranges 


Description 


The AT28HC191/191L 
are a pair of high-speed, 
low-power 
2,048 words by 8 bit CMOS 
PROMs. The high speed AT28HC191 
offers access times to 35 ns while the AT28HC191L 


provides low standby current consumption 
of just 100~. 
Both devices are packaged in 24 
pin dual inline packages 
using the JEDEC 
approved 
pinout 
for byte-wide 
PROMs. 
The 
AT28HC 191 and AT28HC 191L are packaged in the industry standard 6OO-mil wide package. 


These devices are plug-in replacements 
for 16k bipolar PROMs, while offering distinct advan- 
tages in power consumption, 
performance 
and programming. 
Atmel's low power CMOS de- 
vices provide a direct power saving upgrade to systems originally using bipolar PROMs. The 
ultra-low standby power of the 28HC191L brings bipolar speeds to battery powered systems. 


The electrically 
erasable and programmable 
memory cell allows for 100% testing of each 
memory location. The E2PROM cell's low programming 
current permits devices to be pro- 


grammed one byte at a time. On chip circuitry automatically 
erases each byte and rewrites it 
with the new data, permitting 
in socket reprogramming. 
The entire memory array can also be 
erased simultaneously, 
if desired, by using the device's 
"chip- clear" mode. 


The fast access time of the devices makes them suitable for high-performance 
applications 
such as micro-control 
storage. In such an application 
the device allows for fast execution 
speeds, without penalizing storage density or power consumption. With a memory capacity of 
2K bytes, these devices provide economical, 
reliable and high-performance 
means of storing 
program instructions. 
System reliability is enhanced by the low power and inherent reliability 
of Atmel's 
I.S micron floating poly technology. 


A7 
, 
A6 
2 
M> 
3 
A4 
4 
A3 
5 
A2 
6 
A1 
7 
AIJ 
6 
IlOO 
S 
110' 
'0 
Ii02 
11 
GND 
12 


24 
VCC 
23 
A6 
22 
AS 
21 
Al0 
20 
ffi 
19 
CS2 
18 
CS3 
'7 
1107 
16 
1106 
15 
Ii05 
14 
Ii04 
13 
Ii03 


Pin Name 
Function 


AD-A 10 
Addresses 


CSl 
Chip Select 
(Power 
Down 
Option) 


CS2 
Chip Select 


CS3 
Chip Select 


1100-1/07 
Data 


AlmlL 


16K (2K X 8) 
High Speed 
Electrically 
Erasable 
CMOS PROM • 


AlmEL 


CS1 


CS2 


CS3 


ADDRESS [ 
INPUTS 


OUTPUTAND 
PROGRAM 
CONTROLLOGIC 


Mode 
CS3 
CS2 
CS1 
1/0 


Read 
VIH 
VIH 
VIL 
DOUT 


Standby 
X(1) 
X 
VIH 
HighZ 


Output Disable 
VIL 
X 
X 
HighZ 


Output Disable 
X 
VIL 
X 
HighZ 


Write(2) 
VIL 
VIL 
VH (3) 
DIN 


Verify 
VIH 
VIH 
VH 
DOUT 


Chip Clear 
VIL 
VH 
VIL 
HighZ 


Notes: 
1. X can be VD..or Vm. 
2. Refer to A.C. Programming WavefOlms. 


Device Operation 


READ: 
When CS 1 is low and CS2 and CS3 are high, the data 


stored at the memory location determined by the address inputs 
is asserted on the outputs of the device. The outputs are put in a 
high impedance state whenever CS2 or CS3 is low or whenever 
CS 1 is high. The availability of three control lines gives the de- 
signer flexibility in preventing bus contention. 


STANDBY: 
The AT28HCI91L 
consumes less than 550 llW 


when deselected by raising CSI to Vcc-0.3 
V. This part retains 
the fast chip select times from CS2 and CS3 that are common to 
the AT28HCI91. 


PROGRAMMING: 
A 12 volt input is required on the CS 1 pin 
in order to program the devices. This input voltage is not needed 
to supply the programming 
current 
required 
by the memory 


cells as all high voltages used inside the chip are self-generated. 
After CS 1 is raised to 12 volts with CS210w and CS3 high, CS3 
is pulsed low to begin the internally timed write cycle. The ad- 
dress location presented to the device on the falling edge of the 
CS3 signal is written with the data that is presented to the device 
on the rising edge of CS3. An entire eight bit byte is pro- 
grammed during each programming cycle. Any byte can be pro- 
grammed 
to any data pattern regardless 
of the current data in 


that byte. An internal timer uses 1 ms to program a byte. No 
additional time is required nor are any additional programming 
pulses. 


VERIFY: 
A verify of programmed 
data may be performed 
with CS 1 at 12 volts by taking CS2 and CS3 to Vrn. The verify 
works exactly as a device read except that CS 1 is at 12 volts 
rather than VIL. 


MEMORY 
CELL: 
The AT28HC191 
family 
of parts uses 


fully reprogrammable 
E2PROM cells to store data. Unlike the 
one time programmable 
fuse link cells commonly 
found in bi- 
polar PROMs, E2PROM cells allow each bit to be fully tested 
before shipment by Atrnel. The electrical reprogrammability 
of 
E2PROM cells allows for multiple patterns 
to be written into 
each device during testing to ensure proper programming, 
func- 
tioning, and timing. All cells may be reprogrammed 
up to 1000 
times by the user. 


CHIP CLEAR: 
The entire contents of these memory devices 


may be set to the high state by the chip clear function. By setting 
CS 1 low and CS2 to 12 volts, the chip is cleared when a 10 msec 
low pulse is applied to CS3. 


Temperature 
Under Bias 
-55°C to +125°C 


Storage Temperature 
-65°C to +150oC 


All Input Voltages 
(including N.C. Pins) 
with Respect to Ground 
-0.6 V to +6.25 V 


All Output Voltages with 
Respect to Ground 
-0.6 V to Vcc +0.6 V 


Voltage on CS1, CS2 and A9 
with Respect to Ground 
-0.6 V to +13.5 V 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 


mum Ratings" may cause pennanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


• 


AT28HC191-35 
AT28HC191-45 
AT28HC191-55 


AT28HC191 L·45 
AT28HC191 L·55 


Operating 
Com. 
OOC-70°C 
OOC-70°C 
OOC-70°C 


Temperature 
Ind. 
- 
-40°C - 85°C 
-40°C - 85°C 
(Case) 


-55°C - 125°C 
-55°C - 125°C 
Mil. 
- 


Vcc Power Supply 
5 V± 
10% 
5 V± 
10% 
5 V± 
10% 


Symbol 
Parameter 
Condition 
Mln 
Max 
Units 


III 
Input Load Current 
VIN = 0 Vto Vcc+1 V 
10 
~ 


ILO 
Output Leakage Current 
VI/a = 0 Vto Vcc 
10 
~ 


CS1 = VIH 
AT28HC191L 
3 
mA 
leel 
Vee Standby Current 
ADDR=ONee 
AT28HC191 
60 
mA 


Ice 
Vee Active Current 
f = 10 MHz; lOUT= 0 mA 
80 
mA 


VIL 
Input Low Voltage 
0.8 
V 


VIH 
Input High Voltage 
2.0 
V 


VOL 
Output Low Voltage 
IOL= 12 mA 
.4 
V 


VOH 
Output High Voltage 
IOH= -4.0 mA 
, 
2.4 
V 


Typ 
Max 
Units 
Conditions 


CIN 
I 
4 
6 
pF 
VIN = 0 V 


COUT 
I 
8 
12 
pF 
VOUT= 0 V 
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AT28HC191 
AT28HC191L 


·35 
·45 
·55 
·45 
·55 


Symbol 
Parameter 
Min 
Max 
Min 
Max 
Min 
Max 
Min 
Max 
Min 
Max 
Units 


tAA (2) 
Address to Output Delay 
35 
45 
55 
45 
55 
ns 


tAC (2) 
CS2, CS3 to Output Delay 
25 
30 
40 
30 
40 
ns 


tACl (2) 
CS1 to Output Delay 
30 
35 
40 
45 
55 
ns 


tOF (3.4) 
CS1, CS2, CS3 to Output Float 
0 
25 
0 
30 
0 
40 
0 
30 
0 
40 
ns 


Output Hold from CS1 ,CS2, CS3, 


tOH 
or Address, whichever 
occurred 
0 
0 
0 
0 
0 
ns 
first 


OUTPUT 
VALID 


Notes: 
1. CL= 30pF 
2. CS, CS2 or CS3 may be delayed up to tAA-tACafter the address 
transition without im~ 
on tAA. 
3. tDFis specified from CSl, CS2, or CS3, whichever occurs 
first. 


4. This parameter is only characterized and is not 100% tested. 


Input Test Waveforms and 
Measurement 
Levels 


< 


3.0V 


AC 
DRIVING 
LEVELS 


O.OV 


AC 
MEASUREMENT 
LEVEL 


5.0V 


3311 


OUTPUT 


PIN 


200 
:b: 30pF 


Symbol 
Parameter 
-- 
- 
Mln 


- 


Typ 
Max 
Units 


IAs 
Address Set-up Time 
0 
ns 


IAH 
Address Hold Time 
- 
50 
ns 


twP 
Write Pulse Width 
50 
. 
1000 
ns 


tos 
Data Set-up Time 
50 
'. 
ns 


tOH 
Data Hold Time 
0 
ns 


twc 
Write Cycle Time 
1 
ms 


typs 
Programming Set-up Time 
2 
lIS 


IAA 
Address to Output Delay 
100 
ns 


lAc 
CSn to Output Delay 
. 
I 
100 
ns 


tOF 
CSn to Output Float 
60 
ns • 


VH 


CS1 


VIH 


Is = lH = 1 J.1sec(min.) 
lw = 10 msec (min.) 
VH=12 ±O.5V 
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IcC(mA) 


r 


tAcc 
Ordering Code 
Package 
Operation Range 
(ns) 
Active 
Standby 


35 
80 
60 
AT28HC191-35OC 
2406 
Commercial 


AT28HC191-35PC 
24P6 
(0° to 70°C) 


45 
80 
60 
AT28HC191-45oC 
2406 
Commercial 


AT28HC191-45PC 
24P6 
(0° to 70°C) 


AT28HC191-45OI 
2406 
Industrial 


AT28HC191-45PI 
24P6 
(-40° to 85°C) 


AT28HC191-45OM 
2406 
Military 


(-55° to 125°C) 


AT28HC191-45OM/883 
2406 
Military/883C 


Class B, Fully Compliant 


(-55° to 125°C) 


55 
80 
60 
AT28HC191-55OC 
2406 
Commercial 


AT28HC191-55PC 
24P6 
(00 to 70°C) 


AT28HC191-55OI 
2406 
Industrial 


AT28HC191-55PI 
24P6 
(-40° to 85°C) 


AT28HC191-55OM 
2406 
Military 


(-55° to 125°C) 


AT28HC191-55DM/883 
2406 
Military 


Class B, Fully Compliant 


(-55° to 125°C) 


Package 
Type 


2406 
I 
24 Lead, 0.600' Wide, Non-Windowed, ceramic oual/nline 
Package (Cerdip) 


24P6 
I 
24 Lead, 0.600' Wide, Plastic Dual Inline Package (PoIP) 


lAce 
Icc(mA) 


Ordering Code 
Package 
Operation Range 
(ns) 
Active 
Standby 


45 
80 
3 
AT28HC191L-450C 
2406 
Commercial 


AT28HC191L-45PC 
24P6 
(0° to 70°C) 


AT28HC191 L-4501 
2406 
Industrial 


AT28HC191 L-45PI 
24P6 
(-40° to 85°C) 


AT28HC191 L-45 OM 
2406 
Military 
(-55° to 125°C) 


AT28HC191L-450M/883 
2406 
Militaryl883C 


Class B, Fully Compliant 
(-55° to 125°C) 


55 
80 
3 
AT28HC191L-550C 
2406 
Commercial 


AT28HC191L-55PC 
24P6 
(0° to 70°C) 


AT28HC191L-5501 
2406 
Industrial 


AT28HC191L-55PI 
24P6 
(-40° to 85°C) 


AT28HC191L-550M 
2406 
Military 
(-55° to 125°C) 


AT28HC191 L-550M/883 
2406 
Military/883C 


Class B, Fully Compliant 
(-55° to 125°C) • 


Package Type 


2406 
I 
24 Lead, 0.600· Wide, Non-Windowed, Ceramic Ouallnline Package (Cerdip) 


24P6 
I 
24 Lead, 0.600· Wide, Plastic Ouallnline Package (POIP) 
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Features 


• 
Fast Access Time - 35 ns 
• 
Low Power Dissipation 
100 ~A Standby Current (AT28HC291L) 
80 mA Active Current 
• 
E2PROM Technology 
- 100% Reprogrammable 
• 
Direct Replacement 
for Bipolar PROMs 
• 
Reprogrammable 
1000 times 
• 
Chip Clear 
• 
JEDEC Approved 
Byte-Wide Pinout 
Space-saving 
3QO-mil Wide Package 
• 
CMOS and TTL Compatible 
Inputs and Outputs 
• 
High Reliability 
High Speed CMOS Technology 
• 
Full Military, Commercial, 
and Industrial Temperature 
Ranges 


Description 


The AT28HC291/291L 
are a pair of high-speed, 
low-power 
2,048 words by 8 bit CMOS 
PROMs. The high speed AT28HC291 
offers access times to 35 ns while the AT28HC291L 
provides low standby current consumption 
of just 100 ~. 
Both devices are packaged in 24 
pin dual inline packages 
using the JEDEC 
approved 
pinout for byte-wide 
PROMs. 
The 
AT28HC291 and AT28HC291L 
are supplied in space-saving 300-mil wide packages and also 
in 28 pad leadless chip carriers. 


These devices are plug-in replacements 
for 16k bipolar PROMs, while offering distinct ad- 
vantages in power consumption, 
performance 
and programming. 
Atrnel's low power CMOS 
devices provide a direct power saving upgrade to systems originally using bipolar PROMs. 
The ultra-low standby power of the 28HC291L brings bipolar speeds to battery powered sys- 
tems. 


The electrically 
erasable and programmable 
memory cell allows for 100% testing of each 
memory location. The E2PROM cell's low programming 
current permits devices to be pro- 
grammed one byte at a time. On chip circuitry automatically 
erases each byte and rewrites it 
with the new data, permitting in socket reprogramming. 
The entire memory array can also be 
erased simultaneously, 
if desired, by using the device's "chip- clear" mode. 


The fast access time of the devices makes them suitable for high-performance 
applications 
such as micro-control 
storage. In such an application 
the device allows for fast execution 
speeds, without penalizing 
storage density or power consumption. 
With a memory capacity 
of2K bytes, these devices provide economical, reliable, and high-performance 
means of stor- 
ing program instructions. 
System reliability is enhanced by the low power and inherent reli- 
ability of Atrnel's 
1.5 micron floating poly technology. 


Pin Name 
Function 


AO-A1O 
Addresses 


CS1 
Chip 
Select 
(Power 
Down 
Option) 


CS2 
Chip Select 


CS3 
Chip Select 


1/00-1/07 
Data 


NC 
No Connect 


AS 
A7 
VCC 
A9 
A6 
NC 
A8 
4 321282726 
A4 
5 
25 
A10 
A36 
24m 
A2 
7 
23 
CS2 
A1 
8 
22 
CS3 
AO 
9 
21 
NC 
NC 
10 
20 
1107 
1/00 
11 
19 
1106 
12131415161718 


I/O's 
12 
NC34 
5 
GND 


16K (2K X 8) 
High Speed 
Electrically 
Erasable 
CMOS PROM • 


CS1 


CS2 


CS3 


ADDRESS [ 


INPUTS 


OUTPUTAND 
PROGRAM 
CONTROLLOGIC 


Mode 
CS3 
CS2 
CS1 
I/O 


Read 
VIH 
VIH 
VIL 
Dour 


Standby 
X(1) 
X 
VIH 
HighZ 


Output Disable 
VIL 
X 
X 
HighZ 


Output Disable 
X 
VIL 
X 
HighZ 
Write(2) 
VIL 
VIL 
.' 
VH (3) 
DIN 


Verify 
VIH 
VIH 
VH 
Dour 


Chip Clear 
VIL 
VH 
VIL 
HighZ 


Notes: 
I. X can be VtLor Vrn. 
2. Refer to A.C. Programming Waveforms. 


Device Operation 


READ: 
When CS 1 is low and CS2 and CS3 are high, the data 


stored at the memory location determined by the address inputs 
is asserted on the outputs of the device. The outputs are put in a 
high impedance state whenever CS2 or CS3 is low or whenever 
CS 1 is high. The availability of three control lines gives the de- 
signer flexibility in preventing bus contention. 


STANDBY: 
The AT28HC291L 
consumes less than 550 ~W 


when deselected by raising CSI to Vcc-O.3V. This part retains 
the fast chip select times from CS2 and CS3 that are common to 
the AT28HC291. 


PROGRAMMING: 
A 12 volt input is required on the CSI pin 


in order to program the devices. This input voltage is not needed 
to supply the programming 
current 
required by the memory 
cells as all high voltages used inside the chip are self-generated. 
AfterCSI 
is raised to 12 volts with CS210w and CS3 high, CS3 
is pulsed low to begin the internally timed write cycle. The ad- 
dress location presented to the device on the falling edge of the 
CS3 signal is written with the data that is presented to the device 
on the rising edge of CS3. An entire eight bit byte is pro- 
grammed during each programming 
cycle. Any byte can be pro- 
grammed to any data pattern regardless 
of the current data in 


that byte. An internal timer uses 1 ms to program a byte. No 
additional time is required nor are any additional programming 
pulses. 


VERIFY: 
A verify of programmed data may be performed with 


CSI at 12 volts by taking CS2 and CS3 to VIR. The verify 
works exactly as a device read except that CS 1 is at 12 volts 
rather than VIL. 


MEMORY 
CELL: 
AT28HC291 
family of parts uses fully 
reprogram mabie E2PROM cells to store data. Unlike the one 
time progrl!mmable fuse link cells commonly 
found in bipolar 


PROMs, E2PROM cells allow each bit to be fully tested before 
shipment 
by 
Atrnel. 
The 
electrical 
reprogrammability 
of 


E2PROM cells allows for multiple patterns to be written into 
each device during testing to ensure proper programming, 
func- 


tioning and timing. All cells may be reprogrammed 
up to 1000 


times by the user. 


CHIP CLEAR: 
The entire contents of these memory devices 


may beset to the high state by the chip clear function. By setting 
CS 1 low and CS2 to 12 volts, the chip is cleared when a 10 msec 
low pulse is applied to CS3. 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 


mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Temperature 
Under Bias 
-550C to +125°C 


Storage Temperature 
-65°C to +150oC 


All Input Voltages 
(including N.C. Pins) 
with Respect to Ground 
-0.6 V to +6.25 V 


All Output Voltages with 
Respect to Ground 
-0.6 V to Vcc +0.6 V 


Voltage on CS1, CS2 and A9 
with Respect to Ground 
-0.6 V to +13.5 V 


AT28HC291-35 
AT28HC291-45 
AT28HC291-55 


AT28HC291 L-45 
AT28HC291 L-SS 


Operating 
Com. 
OOC-70°C 
OOC- 70°C 
OOC-70°C 


Temperature 
Ind. 
- 
-40°C - 8SOC 
-40°C - 85°C 
(Case) 


-55°C - 125°C 
-55°C - 125°C 
Mil. 
- 


Vcc Power Supply 
5 V± 
10% 
5 V± 
10% 
5 V± 
10% 


Symbol 
Parameter 
Condition 
Mln 
Max 
Units 


III 
Input Load Current 
VIN = 0 Vto Vcc+1 V 
10 
IJA 


ILO 
Output Leakage Current 
VVo=OVtoVcc 
10 
IJA 


CS1 = VIH 
AT28HC291L 
3 
mA 


ICCl 
Vcc Standby Current 
ADDR=ONcc 
AT28HC291 
60 
mA 


Icc 
Vcc Active Current 
f = 10 MHz; lOUT= 0 mA 
80 
mA 


VIL 
Input Low Voltage 
0.8 
V 


VIH 
Input High Voltage 
2.0 
V 


VOL 
Output Low Voltage 
IOL= 12 mA 
.4 
V 


VOH 
Output High Voltage 
IOH= -4.0 mA 
2.4 
V 


Typ 
Max 
Units 
Conditions 


CIN 
4 
6 
pF 
VIN = 0 V 


COUT 
8 
12 
pF 
VOUT=O V 


• 


AT28HC291 
AT28HC291L 


-35 
-45 
-55 
-45 
-55 


Symbol 
Parameter 
Min 
Max 
Min 
Max 
Min 
Max 
Min 
Max 
Min 
Max 
Units 


tM 
(2) 
Address to Output Delay 
35 
45 
55 
45 
55 
ns 


tAC (2) 
CS2, CS3 to Output Delay 
25 
30 
40 
30 
40 
ns 


tAC1 (2) 
CS1 to Output Delay 
30 
35 
40 
45 
55 
ns 


tOF (3,4) 
CS 1, CS2, CS3 to Output Float 
0 
25 
0 
30 
0 
40 
0 
30 
0 
40 
ns 


Output Hold from CS1,CS2, CS3, 


tOH 
or Address, whichever 
occurred 
0 
0 
0 
0 
0 
ns 
first 


Notes: 
1. CL= 30pF 
2. CS, CS2 or CS3 may be delayed up to tAA-tACafter the address 


transition without im~ 
on tAA. 
3. tDFis specified from CSI, CS2, or CS3, whichever occurs 
first. 


4. This parameter is only characterized and is not 100% tested. 


Input Test Waveforms and 
Measurement 
Levels 


< 


3.oV 


AC 
DRIVING 
LEVELS 
O.OV 


AC 


MEASUREMENT 


LEVEL 


5.oV 
3311 
OUTPUT 
PIN 


200 
:!:30pF 


Symbol 
Parameter 
Mln 
Typ 
Max 
Un"_ 


tAs 
Address Set-up Time 
0 
, 
ns 


tAH 
Address Hold Time 


,- 
-- 


. 
, 


50 
ns 


twp 
Write Pulse Width 
50 
1000 
ns 


tos 
Data Set-up Time 
50 
, 


ns 
, 
I 


tOH 
Data Hold Time 
0 
ns 


twe 
Write Cycle Time 
1 
ms 


tvps 
Programming Set-up Time 
2 
jIS 


1M 
Address to Output Delay 
100 
ns 


tAe 
CSn to Output Delay 
100 
ns 


tOF 
CSn to Output Float 
60 
ns • 
A.C. Write Waveforms 


VH 


CS1 


VIH 


Is = IH = 111sec (min.) 
lw = 10 msec 
(min.) 
YH=12 
±O.5Y· 


A11DIL 


tAcc 
Icc(mA) 
Ordering Code 
Package 
Operation 
Range 
(ns) 
Active 
Standby 


35 
80 
60 
AT28HC291-350C 
2403 
Commercial 


AT28HC291-35PC 
24P3 
(0° to 70°C) 


45 
80 
60 
AT28HC291-450C 
2403 
Commercial 


AT28HC291-45LC 
28L 
(0° to 70°C) 


AT28HC291-45PC 
24P3 


AT28HC291-4501 
2403 
Industrial 


AT28HC291-45L1 
28L 
(-40° to 85°C) 


AT28HC291-45PI 
24P3 


AT28HC291-450M 
2403 
Military 


AT28HC291-45LM 
28L 
(-55° to 125°C) 


AT28HC291-450M/883 
2403 
Military/883C 


AT28HC291-45LM/883 
28L 
Class B, Fully Compliant 


(-55° to 125°C) 


55 
80 
60 
AT28HC291-550C 
2403 
Commercial 


AT28HC291-55LC 
28L 
(00 to 70°C) 


AT28HC291-55PC 
24P3 


AT28HC291-5501 
2403 
Industrial 


AT28HC291-55L1 
28L 
(-40° to 85°C) 


AT28HC291-55PI 
24P3 


AT28HC291-550M 
2403 
Military 


AT28HC291-55LM 
28L 
(-55° to 125°C) 


AT28HC291-550M/883 
2403 
Military/883 


AT28HC291-55LM/883 
28L 
Class B, Fully Compliant 


(-55° to 125°C) 


Package Type 


2403 
24 Lead, 0.300· Wide, Non-Windowed, Ceramic Ouallnline Package (Cerdip) 


28L 
28 Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC) 


24P3 
24 lead, 0.300· Wide, Plastic Ouallnline Package (PDIP) 


lAce 
Icc(mA) 


Ordering Code 
Package 
Operation Range 
(ns) 
Active 
Standby 


45 
80 
3 
AT28HC291L-450C 
2403 
Commercial 


AT28HC291 L-45PC 
24P3 
(0° to 70°C) 


AT28HC291L-4501 
2403 
Industrial 
AT28HC291 L-45PI 
24P3 
(-40° to 85°C) 


AT28HC291 L-45 OM 
2403 
Military 
(-55° to 125°C) 


AT28HC291 L-450M/883 
2403 
Military1883C 


Class B, Fully Compliant 


(-55° to 125°C) 


55 
80 
3 
AT28HC291 L-550C 
2403 
Commercial 
AT28HC291 L-55LC 
28L 
(0° to 70°C) 
AT28HC291 L-55 PC 
24P3 


AT28HC291L-5501 
2403 
Industrial 


AT28HC291L-55L1 
28L 
(-40° to 85°C) 
AT28HC291 L-55PI 
24P3 


AT28HC291 L-55 OM 
2403 
Military 
AT28HC291 L-55LM 
28L 
(-55° to 125°C) 


AT28HC291L-550M/883 
2403 
Military/883 
AT28HC291 L-55LM/883 
28L 
Class B, Fully Compliant 
(-55° to 125°C) 


• 


Package Type 


2403 
24 Lead, 0.300· Wide, Non-Windowed, Ceramic Ouallnline Package (Cerdip) 


28L 
28 Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC) 


24P3 
24 Lead, 0.300· Wide, Plastic Dual Inline Package (POIP) 


AlmlL 


Features 


• 
Bipolar Speed 
Read Access Time - 35 ns 
• 
Low Power CMOS Operation 
25 mA max. Standby 
45 mA max. Active at 10 MHz 
• 
Direct Bipolar PROM 
Replacement 
• 
High Output Drive capability 
• 
Reprogrammable 
- 100 ~s/byte 
(typical) 
Tested 100% for Programmability 
• 
JEDEC Approved 
Byte-Wide 
Pinout 
300-mll DIP, 6OD-mll DIP and LCC packages 
• 
CMOS and TTL Compatible 
Inputs and Outputs 
• 
High Reliability 
Latch-Up Resistant CMOS Technology 
• 
Integrated 
Product Identification 
Code 
• 
Full Military, Industrial and Commercial 
Temperature 
Ranges 
• 
Fully Compatible 
with AT27HC641/2 


Description 


The AT27HC641R/642R 
chip family is a high-speed,low-power 
65,536 bit reprogrammable 
read only memory (pROM), 
which is UV erasable, organized 
as 8K x 8 bits. All devices 
require only one 5 V power supply in normal read mode operation. All bytes on the 641R and 
642R parts can be accessed in less than 35 ns, making these parts ideal for high-performance 
systems without penalizing bit density or power consumption. 


The 640R series of devices come in a choice of JEDEC-approved 
24-pin DIP or 28-pad LCC 
packages, providing a direct power saving CMOS upgrade for systems originally using Bipo- 
lar PROMs. The AT27HC641R 
is available in a standard 6OO-mil cerdip or one-time pro- 
grammable plastic (alP) package, and LCC package, while the AT27HC642R 
is available 
in a space-saving 
300-mil cerdip or plastic (alP) package. 


Atmel's 
1.2-micron, high-speed CMOS technology provides optimum speed, low-power and 
high noise immunity. Power consumption 
on the AT27HC64 1 and AT27HC642 
is typically 
only 30 mA in Active Mode and less than 10 mA in Standby. The high speed CMOS process 
is an extension of Atmel's high quality and highly manufacturable 
floating poly PROM tech- 
nology. The ability to reprogram the PROM, which is fully tested before shipment, provides 
inherently better programmability 
and reliability than one-time fusable PROMs. 


Pin Name 
Function 


AO-A12 
Addresses 


CS/Vpp 
Chip SelecWpp 


00-07 
Outputs 


~ 
1 
2. 
2 
23 
3 
22 
• 
21 
5 
20 
6 
19 
7 
18 
8 
17 
[ 
9 
16 
[ 
10 
15 
[ 
11 
,. 
[ 
12 
13 


VCC 
A8 
A9 
A10 
CStVpp 


A11 
A12 
07 
06 
05 
04 
D:l 


AS 
A7 
VCC 
A9 
A6 
NC 
A8 


422826 
A4 
5 
3 
1 
27 
25 
A10 
A3 
6 
24 
CStvpp 
A2 
7 
23 
All 
Al 
B 
22 
A12 
Aa 
9 
21 
NC 
NC 
10 
20 
07 
00 
11 
13 
15 
17 
19 
06 
12 
14 
16 
18 


02 
NC 
04 
01 GND 
03 
05 


AlmEL 


64K (8K X 8) 


Reprogrammable 


CMOS 


PROM 
l1li 


AlmliL 


Description 
(Continued) 


With a storage capacity of 8K bytes, Atmel's 640R series parts 
allow fmnware 
to be stored reliably and to be accessed at bipo- 


lar PROM speeds. All the 640R series parts have exceptional 
output drive capability - source 4 mA and sink 16 mA per out- 
put. 


Atmel's 
640R series chips also have additional 
features to en- 


sure high-quality 
and efficient production 
use. The Rapid pro- 


gramming algorithm 
reduces the time required to program the 


chip and guarantees 
reliable 
programming. 
The Integrated 


Product Identification 
Code electronically 
identifies the device 


and manufacturing 
origin. This feature is used by industry stan- 


dard programming 
equipment to select the proper programming 


algorithms and voltages. 


Erasure Characteristics 


The entire memory array of an Atmel 640R series chip is erased 
(all outputs read as VOH) after exposure to ultraviolet light at a 
wavelength of 2537 A. Complete erasure is assured after a min- 
imum of 20 minutes exposure 
using 12,000 IiW/cm2 intensity 


lamps spaced one inch away from the chip. Minimum erase time 
for lamps at other intensity ratings can be calculated 
from the 


minimum integrated erasure dose of 15W.sec/cm2. To prevent 
unintentional erasure, an opaque label is recommended 
to cover 


the clear window on any PROM which will be subjected to con- 
tinuous fluorescent indoor lighting or sunlight. 


Block Diagram 
vcc_ 
GND- 


DATAOUTPUTS 


00-07 


CSlVPP 
CE 


OUTPUT 
BUFFERS 


V-GATING 


CELL MATRIX 


IDENTIFICATION 


AO-A12[ 
ADDRESS 
INPUTS 


Temperature 
Under 
Bias 
-550C to +1250C 


Storage 
Temperature 
-650C to +150oC 


Voltage 
on Any Pin with 
Respect 
to Ground 
-2.0 V to +7.0 v(1) 


Voltage 
on A9 with 
Respect 
to Ground 
-2.0 V to +14.0 V(1) 


CSNpp 
Supply 
Voltage 
with 
Respect 
to Ground 
-2.0 V to +14.0 V(1) 


Integrated 
UV Erase 
Dose 
7258 Woseclcm2 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 


mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Notes: 
1.Minimum voltage is -0.6 V dc which may undershoot to -2.0 V 


for pulses of less than 20 ns. Maximum output pin voltage is 
Vcc+O.75 V dc which may overshoot to +7.0 V for pulses of 
less than 20 ns. 


MODE \ PIN 
CS/Vpp 
Ai 
Vcc 
Outputs 


Read 
VIL 
Ai 
Vcc 
DOUT 


Standby 
VIH 
X(1) 
Vcc 
HighZ 


Rapid 
Program(2) 
Vpp 
Ai 
Vcc 
DIN 


PGM Verify 
VIL 
Ai 
Vcc 
DOUT 


Product 
Identification(4) 
A9=VH (3) 


Identification 
VIL 
AO=VIH or VIL 
Vcc 
Code 
A1-A12=VIL 


Notes: 
1. X can be VILor Vill. 
2. Refer to Programming characteristics. 
3. VH= 12.0 ± 0.5 V. 


4. Two identifier bytes may be selected. All Ai inputs are held 


low (VIL),except A9 which is set to VH and AOwhich is tog- 
gled low (VIL)to select the Manufacturer's 
Identification byte 


and high (VIH)to select the Device Code byte. 


AT27HC641R/AT27HC642R 


·35 
-45 
·55 
·70 
·90 


Operating 
Com. 
OOC-70°C 
OOC-70°C 
OOC-70°C 
OOC-70°C 
OOC-70°C 


Temperature 
Ind. 
-40°C - 85°C 
-40°C - 8SOC 
-40°C - 85°C 
-40°C - 85°C 
(Case) 
Mil. 
-55°C - 125°C 
-55°C - 125°C 
-55°C - 125°C 
-55°C - 125°C 


Vee Power SUpply 
5 V± 
5% 
5 V± 
10% 
5 V± 
10% 
5 V± 10% 
5 V± 10% 


• 


Symbol 
Parameter 
Condition 
Mln 
Max 
Units 


III 
Input Load Current 
VIN = -0.1 V to Vee+1 V 
10 
J..lA 


ILO 
Output Leakage Current 
VOUT=-0.1 
VtoVee+0.1 
V 
10 
J..lA 


IpPl 
CSNpp(l) 


CS/Vpp = -0.1 V to Vee+ 1 V 
10 
J..lA 
Read/Standby 
Current 


15Bl (CMOS) 
Com. 
25 
mA 


15B 
Vee (1) Standby Current 
CSNpp 
= Vee-0.3 to Vee+ 1.0 V 
Ind.,Mil. 
30 
mA 


15B2(TIL) 
Com. 
25 
mA 


CS/Vpp = 2.0 to Vee+ 1.0 V 
Ind.,Mil. 
30 
mA 


Ice 
Vee Active Current 
I = 10 MHz,loUT = 0 mA, 
Com. 
45 
mA 


CSNpp= 
VIL 
Ind.,Mil. 
50 
mA 
los (2) 
Output Short Circuit Current 
VOUT= 0 V 
-100 
mA 


VIL 
Input Low Voltage 
-0.6 
0.8 
V 


VIH 
Input High Voltage 
2.0 
Vce+0.75 
V 


VOL 
Output Low Voltage 
IOL= 16 mA 
.4 
V 


VOH 
Output High Voltage 
IOH= -100 JlA 
Vee-0.3 
V 


IOH= -4.0 mA 
2.4 
V 


Notes: 
I. Vcc must be applied simultaneously or before CSNpp, 
and removed simultaneously or after CSNpp. 
2. Not more than one output at a time should be shooed. 


Duration of shoo circuit test should not exceed 30 sec. lbis 
parameter is only sampled and is not 100% tested. See Abso- 
lute Maximum Ratings. 


AT27HC641R/AT27HC642R 


·35 
-45 
-55 
·70 
·90 


Symbol 
Parameter 
Min 
Max 
Min 
Max 
Min 
Max 
Min 
Max 
Min 
Max 
Units 


tM (4) 
Address to 
Com. 
35 
45 
55 
70 
90 
ns 
Output Delay 
Ind.,Mil 
45 
55 
70 
90 
ns 
te5 (2,4) 
CSNpp to Output Delay 
25 
30 
35 
45 
55 
ns 
tCD (3,4,5) CSNpp to Output Float 
0 
25 
0 
30 
0 
35 
0 
40 
0 
45 
ns 


AlmEl 


Notes: 
1. Timing measurement reference is 1.5 V. Input 


AC driving levels are 0.0 V and 3.0 V, unless 
otherwise ~cified. 
2. Asserting CSfVpp may be delayed up to 


tAA- tcs after the address transition without im- 
pact on access time. 
3. This parameter is only sampled and is not 100% 


tested 
4. CL = 30 pF, add 10 ns for CL = 100 pF. 
5. Output float is defmed as the point when data is 
no longer driven. 


3.0V 


AC < 
DRIVING 
LEVELS 


O.OV 


AC 
MEASUREMENT 
LEVEL 


Output Test Load 


5.0V 


251l0UTPUT 
PIN 


167 
:& CL 
Note: CL=3OpF including 
jig capacitance. 


Input Test Waveforms 
and Measurement 
Levels 


Typ 
Max 
Units 
Conditions 


CIN 
4 
6 
pF 
VIN = 0 V 


COUT 
8 
12 
pF 
VOUT= 
0 V 


VIH 


ADDRESS 
VIL 


VIH 
DATA 
VIL 


VCC 
6.5V 


5.0V 


CSIVPP 


13.0V 


5.0V 


VIL 


Notes: 
1. The Input Timing References are 0.0 V for VIL 
and 3.0 V for VIH. 
2. tcs and tDFPare characteristics of the device but 


must be accommodated by the programmer. 


D.C. Programming Characteristics 


TA- 25 ± 5°C, Vcc - 6.5± 0.25 V, CSNpp. 
13.0 ± 0.25 V 


Sym- 
Test 
Limits 
bol 
Parameter 
Conditions 
Min 
Max 
Units 


III 
Input Load Current 
V,N=V,L,V,H 
10 
~ 


YIL 
Input Low Level 
(All Inputs) 
-0.6 
0.8 
V 


YIH 
Input High Level 
2.0 
Vcc.1 
V 


VOL 
Output 
Low Volt. 
IOL.16mA 
.4 
V 


YOH 
Ou1put High Volt. 
100=-4.0 mA 
2.4 
V 


ICC2 
Vcc Supply 
Current 
50 
mA 
(Program 
and Verify) 


IpP2 
CSNpp 
Supply 
CSNpp=Vpp 
30 
mA 
Current 


A9 Product 
YIO 
Identification 
11.5 
12.5 
V 
Voltage 


A.C. Programming Characteristics 


TA - 25 ± 5°C, Vcc- 
6.5± 
0.25 V, CSNpp:13.0± 
0.25 V 


Test 
Sym- 
Conditions" 
Limits 
bol 
Parameter 
(see Note 1) 
Min 
Max Units 


tAs 
Address 
Setup Time 
2 
I's 


tcss 
CSNpp 
Setup TIme 
2 
I's 


tos 
Data Setup Time 
2 
I's 


tAH 
Address 
Hold Time 
0 
I'S 


tOH 
Data Hold Time 
2 
I'S 


CSNpp 
High to 
tOFP 
Output 
Float 
(Note 2) 
0 
130 
ns 
Delay 


tvcs 
Vcc Setup Time 
2 
I'S 


tpw 
CSNpp 
Program 
(Note 3) 
95 
105 
I'S 
Pulse Width 


tcs 
Data Valid from CSNpp 
70 
ns 


••A.C. Conditions of Test 
Input Rise and Fall Times (10% to 90%) 
5 ns 


Input Pulse Levels 
0.0 V to 3.0 V 
Input Timing Reference Level 
1.5 V 
Output Timing Reference Level 
1.5 V 
Notes: 


1. 
Vex: must be applied simultaneously 
or before CSNpp 
and removed 
simultaneously 
or after CSNpp. 


2. 
This parameter 
is only sampled and is not 100% tested. 


Output Float is defmed 
as the point where data is no longer 
driven - 
see timing diagram. 
3. 
Program 
Pulse width tolerance 
is 100 l'Sec ± 5%. 


Atmel's 27HC641R/2R Integrated 
Product Identification Code 


Pins 
Hex 


Codes 
AO 
07 
06 
05 
04 
03 
02 
01 
00 
Data 


Manufacturer 
0 
0 
0 
0 
1 
1 
1 
1 
0 
1E 


Device Type 
1 
0 
0 
0 
1 
0 
0 
0 
0 
10 


Rapid Programming Algorithm 


A 100 lIS CSNpp pulse width is used to program. The address 
is set to the first location. Vcc is raised to 6.5 V and CSNpp is 
raised to 13.0 V. Each address is ftrst programmed 
with one 100 


lIS CSNpp 
pulse without verification. 
Then a verification / re- • 
programming 
loop is executed for each address. In the event a 
byte fails to pass veriftcation, up to 10 successive 
100 lIS pulses 
are applied with a veriftcation after each pulse. If the byte fails 
to verify after 10 pulses have been applied, the part is consid- 
ered failed. After the byte veriftes properly, the next address is 
selected until all have been checked. CSNpp is then lowered to 
5.0 V and Vcc to 5.0 V. All bytes are read again and compared 
with the original data to determine if the device passes or fails. 


._-.-- 


IACC 
ICC(mA) 
Ordering Code 
Package 
Operation Range 
(ns) 
Active 
Standby 


35 
45 
25 
AT27HC641 R-35DC 
24DW6 
Commercial 


AT27HC642R-35DC 
24DW3 
(O°C to 70°C) 


AT27HC641 R-35LC 
28LW 


45 
45 
25 
AT27HC641 R-45DC 
24DW6 
Commercial 


AT27HC642R-45DC 
24DW3 
(O°C to 70°C) 


AT27HC641 R-45LC 
28LW 
AT27HC641 R-45PC 
24P6 
AT27HC642R-45PC 
24P3 


45 
50 
30 
AT27HC641 R-45DI 
24DW6 
Industrial 


AT27HC642R-45 
DI 
24DW3 
(-40°C to 85°C) 


AT27HC641 R-45L1 
28LW 
AT27HC641 R-45 PI 
24P6 
AT27HC642R-45PI 
24P3 


AT27HC641 R-45DM 
24DW6 
Military 


AT27HC642R-45DM 
24DW3 
(-55°C to 125°C) 


AT27HC641 R-45LM 
28LW 


AT27HC641 R-45DM/883 
24DW6 
Military/883C 


AT27HC642R-45DM/883 
24DW3 
Class B, Fully Compliant 


AT27HC641 R-45LM/883 
28LW 
(-55°C to 125°C) 


55 
45 
25 
AT27HC641 R-55DC 
24DW6 
Commercial 


AT27HC642R-55DC 
24DW3 
(O°C to 70°C) 


AT27HC641 R-55LC 
28LW 
AT27HC641 R-55PC 
24P6 
AT27HC642R-55PC 
24P3 


55 
50 
30 
AT27HC641 R-55DI 
24DW6 
Industrial 


AT27HC642R-55DI 
24DW3 
(-40°C to 85°C) 


AT27HC641 R-55L1 
28LW 
AT27HC641 R-55 PI 
24P6 
AT27HC642R-55 
PI 
24P3 


AT27HC641 R-55DM 
24DW6 
Military 


AT27HC642R-55DM 
24DW3 
(-55°C to 125°C) 


AT27HC641 R-55LM 
28LW 


AT27HC641 R-55 DM/883 
24DW6 
Military/883C 


AT27HC642R-55 
DM/883 
24DW3 
Class B, Fully Compliant 


AT27HC641 R-55LM/883 
28LW 
(-55°C to 125°C) 


70 
45 
25 
AT27HC641 R-70DC 
24DW6 
Commercial 


AT27HC642R-70DC 
24DW3 
(O°C to 70°C) 


AT27HC641 R-70LC 
28LW 
AT27HC641 R-70PC 
24P6 
AT27HC642R-70PC 
24P3 


70 
50 
30 
AT27HC641 R-70DI 
24DW6 
Industrial 


AT27HC642R-70DI 
24DW3 
(-40°C to 85°C) 


AT27HC641 R-70Ll 
28LW 
AT27HC641 R-70PI 
24P6 
AT27HC642R-70PI 
24P3 


fAcc 
Icc(mA) 
Ordering Code 
Package 
Operation Range 
(ns) 
Active 
Standby 


70 
50 
30 
AT27HC641 R-70DM 
24DW6 
Military 


AT27HC642R-70DM 
24DW3 
(-55°C to 125°C) 


AT27HC641 R-70LM 
28LW 


AT27HC641 R-70DM/883 
24DW6 
Military/883C 


AT27HC642R-70DM/883 
24DW3 
Class B, Fully Compliant 


AT27HC641 R-70LM/883 
28LW 
(-55°C to 125°C) 


90 
45 
25 
AT27HC641 R-90DC 
24DW6 
Commercial 


AT27HC642R-90DC 
24DW3 
(O°C to 70°C) 


AT27HC641 R-90LC 
28LW 
AT27HC641 R-90 PC 
24P6 
AT27HC642R-90PC 
24P3 


90 
50 
30 
AT27HC641 R-90DI 
24DW6 
Industrial 


AT27HC642R-90DI 
24DW3 
(-40°C to 85°C) 


AT27HC641 R-90Ll 
28LW 
AT27HC641 R-90 PI 
24P6 
AT27HC642R-90PI 
24P3 


AT27HC641 R-90DM 
24DW6 
Military 


AT27HC642R-90DM 
24DW3 
(-55°C to 125°C) 


AT27HC641 R-90LM 
28LW 


AT27HC641 R-90 DM/883 
24DW6 
Military/883C 


AT27HC642R-90DM/883 
24DW3 
Class B, Fully Compliant 


AT27HC641 R-90LM/883 
28LW 
(-55°C to 125°C) 


45 
50 
30 
5962-8751501 
JX 
24DW6 
Military/883C 


5962-8751501 
KX 
24CW 
Class B, Fully Compliant 


5962-8751501 
LX 
24DW3 
(-55°C to 125°C) 


5962-8751501 
3X 
28LW 


55 
50 
30 
5962-8751502 
JX 
24DW6 
Military/883C 


5962-8751502 
KX 
24CW 
Class B, Fully Compliant 


5962-8751502 
LX 
24DW3 
(-55°C to 125°C) 


5962-87515023X 
28LW 


70 
50 
30 
5962-8751503 
JX 
24DW6 
Military/883C 


5962-8751503 
KX 
24CW 
Class B, Fully Compliant 


5962-8751503 
LX 
24DW3 
(-55°C to 125°C) 


5962-87515033X 
28LW 


90 
50 
30 
5962-8751504 
JX 
24DW6 
Military/883C 


5962-8751504 
KX 
24CW 
Class B, Fully Compliant 


5962-8751504 
LX 
24DW3 
(-55°C to 125°C) 


5962-87515043X 
28LW 


• 


Package Type 


24CW 
24 Lead, Windowed, Ceramic Flat Package (Cerpack) 


24DW3 
24 Lead, 0.300' Wide, Windowed, Ceramic Duallnline 
Package (Cerdip) 


24DW6 
24 Lead, 0.600' Wide, Windowed, Ceramic Duallnline 
Package (Cerdip) 


28LW 
28 Pad, Windowed, Ceramic Leadless Chip Carrier (LCC) 


24P3 
24 Lead, 0.300' Wide, Plastic Dual Inline Package OTP (PDIP) 


24P6 
24 Lead, 0.600' Wide, Plastic Dual Inline Package OTP (PDIP) 
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Product Information 


E2PROMs 


PEROMs (Flash) 


EPROMs 


PROMs 


SRAMs 


EPLDs 


Gate Arrays 


Logic 


Smart Card ICs 


Mixed Signal 


Microcontroller 


Packaging Services 


Quality and Reliability 


Military 


Die Products 


Standard Package Outlines 


AT3864L 
8K x 8 
AT3864L-15DMB 
8K x 8 
AT38H256 
32K x 8 
AT38LV256 
32K x 8 


64K SRAM 
6-3 


64K SRAM, Full Military Temperature 
6-11 


256K SRAM 
6-19 


Low Voltage, 256K SRAM 
6-27 • 


AlmEL 
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Features 


• 
Fast Read Access Time· 
100 ns 
• 
LowPower 
35 mA Maximum 
(Active) 
100 !!A Maximum 
(Standby) 
• 
2·V Data Retention 
• 
Fully Static: 
No Clock R~ulred 
_ 
• 
Three Control 
Inputs 
(CE1, CE2, and OE) 
• 
TTL Compatible 
Inputs and Outputs 
• 
5 V ± 10% Supply 
• 
28-Lead Dualln·llne 
and Surface Mount Packages 
• 
JEDEC Pinout 
• 
Commercial 
and Industrial Temperature 
Ranges 
Block Diagram 
As 
A6 


A7 
A6 


A9 
A,o 


A11 
A'2 


64K (8K X 8) 
CMOS 
SRAM • 


Description 


The AT3864L is a high performance CMOS static Random Access Memory. Its 64K of mem- 
ory is organized as 8192 words by 8 bits. Manufactured 
with an advanced CMOS technology. 
the AT3864L offers access times down to 100 ns with power dissipation of under 200 mW. 
When the AT3864L 
is deselected, 
the standby 
current 
is just 
100 IJA. In addition, 
the 
AT3864L offers a data retention capability of only 100 llW power dissipation when operated 
on a 2-volt power supply. 


The AT3864L powers down to the standby mode when deselected 
(CEI is HIGH or CE2 is 
LOW). The I/O pins remain in the high impedance 
state unless the chip is selected (CEI is 
LOW and CE2 is HIGH), the outputs are enabled (OE is LOW), and Write Enable is not active 
(WE is HIGH). 


The AT3864L is completely 
TTL compatible and requires a single 5-volt power supply. The 
device is fully static and does not need any clocks or refresh control signals for operation. 


Pin Configurations 


Pin Name 
Function 


ArrA'2 
Addresses 


VO,-VOs 
Ou1puts 


CE,. CE2 
Chip Enables 


OE 
Output Enable 


WE 
Write Enable 


Vcc, GND 
Power, Ground 


NC 
No Connect 


NC 
26 
VCC 


A'2 
27 
WE 


A7 
26 
CE2 
AS 
25 
AS 


AS 
:l4 
A6 
M 
Zl 
A11 


A3 
22 
OE 


A2 
2' 
A'. 


A' 
20 
CE1 


AO 
,. 
1.06 
1.01 
'6 
1.07 
1.02 
17 
1.06 
1.03 
16 
1.05 


GNO 
'5 
1104 
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Temperature 
Under Bias 
-400 C to 850 C 


Storage Temperature 
-550 C to 1250 C 


All Input Voltages 
(including NC Pins) 
with Respect to Ground 
-0.3 V to Vcc+0.3 
V 


All Output Voltages 
with Respect to Ground 
-0.3 V to Vcc+0.3 
V 


Maximum Supply Voltage 
+7.0 V 


Device Operation 


READ: 
When CEI is LOW, CE2 is HIGH, OE is LOW, and 


WE is HIGH, the eight bits of data stored at the memory loca- 
tion determined by the address input (pins Ao through A12) are 
inserted on the data outputs (pins 1/01 through I/Os). 


WRITE: 
When CEI is LOW, CE2 is HIGH, and WE is LOW, 
the eight bits of data placed on the input pins (I/OI through lIOs) 
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·NOTICE: 
Stresses beyond those listed under "Absolute Maxi- 


mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


are stored at the memory location detennined 
by the address 
input (pins Ao through AI2). 


DATA RETENTION: 
When the chip is in standby mode, Vcc 
can be reduced to as low as two volts without impacting data 
integrity. Power dissipation 
will be reduced to 100 JlW maxi- 
mum. 


MODE\PIN 
CEI 
CE2 
OE 
WE 
110 


Read 
L 
H 
L 
H 
DoUT 


Write 
L 
H 
xlI) 
L 
DIN 


StandbYI 
H 
X 
X 
X 
HighZ 


StandbY2 
X 
L 
X 
X 
HighZ 


Output Disable 
X 
X 
H 
X 
HighZ 


AT3864L-10 
AT3864L·12 
AT3864L·15 


Operating 
Commercial 
OOC- 70°C 
OOC- 70°C 
OOC-70°C 
Temperature 
(Case) 
Industrial 
-40°C - 85°C 
-40°C - 85°C 
-40°C - 85°C 


Vcc Power Supply 
5 V± 
10% 
5 V± 10% 
5 V± 
10% 


Symbol 
Parameter 
Conditions 
Mln 
Typ 
Max 
Units 


III 
Input Load Current 
VIN = 0 to Vcc 
-1.0 
1.0 
IJA 


CEl = 2.2 V to Vcc + 0.3 V or 


Output Leakage 
CE2 = -0.3 V to 0.8 V or 
ILO 
Current 
OE = 2.2 V to Vcc + 0.3 Vor 
-1.0 
1.0 
IJA 
WE = -0.3 V to 0.8 V 
VI/o= 
0 to Vcc 


CE2 $ 0.2 Vor 


ISBl 
Standby Current 
CEl ~ Vcc - 0.2 V, 
2 
100 
IJA 
(CMOS) 
CE2 ~ Vcc - 0.2 V or CE2 $ 0.2 V 
VIN = OtoVcc 


Standby Current 
CE2 = -0.3 V to 0.8 V or 
ISB2 
CEl = 2.2 V to Vcc +0.3 V, 
3 
mA 
(TIL) 
VIN = 0 to Vcc 
- 
Vcc Active Current 
CEl = -0.3 V to 0.8 V, 
Icc 
(TIL) 
CE2 = 2.2 V to Vcc + 0.3 V, 
20 
35 
mA 
lOUT= 0 mA, min cycle 


VIL 
Input Low Voltage 
-0.3 
0.8 
V 


VIH 
Input High Voltage 
2.2V 
Vcc+0.3 
V 


VOL 
Output Low Voltage 
IOL= 2.0 mA 
0.4 
V 


VOH 
Output High Voltage 
IOH= -1.0 mA 
2.4 
V • 


Symbol 
Parameter 
Conditions 
Mln 
Typ 
Max 
Units 


COUT 
InpuUOutput Capacitance 
VOUT= 0 V 
6 
10 
pF 


CIN 
Input Capacitance 
VIN = 0 V 
6 
10 
pF 


AC 
MEASUREMENT 
LEVEL (1) (2) 


AC 
DRIVING 
LEVELS 


Notes: 
I. Input rise and fall time 5 ns. 
2. OUlputload: ITI1.. gate + 10 OpF. 


AT3864L·l0 
AT3864L·12 
AT3864L·15 


Symbol 
Parameter 
Min 
Max 
Min 
Max 
Min 
Max 
UnitS 


tRc 
Read Cycle Time 
100 
120 
150 
ns 


lAcc 
Address Access Time 
, 
100 
120 
150 
ns 


tCE1,tCE2 
CE1,CE2 Access Time 
100 
120 
150 
ns 


tOE 
OE Access Time 
50 
60 
70 
ns 


tOH 
Output Hold Time 
15 
15 
15 
ns 


tCOE1,2 
CE1, CE2 Output Enable Time 
10 
10 
10 
ns 


tOOE 
OE Output Enable Time 
5 
5 
5 
ns 


tcoDl.2 
CE1, CE2 Output Disable Time 
45 
45 
60 
ns 


tOOD 
OE Output Disable Time 
40 
40 
50 
ns 


AT3864L·l0 
AT3864L-12 
AT3864L·15 


Symbol 
Parameter 
Min 
Max 
Min 
Max 
Min 
Max 
Units 


twc 
Write Cycle Time 
100 
120 
150 
ns 


lAs 
Address Setup Time 
0 
0 
0 
ns 


twp 
Write Pulse Width 
60 
- 
70 
90 
ns 


tCW1.2 
CE1, CE2 Setup Time 
80 
80 
90 
ns 


twR 
Write Recovery Time 
0 
0 
0 
" 
ns 


twRl.2 
CE1, CE2 Write Recovery Time 
0 
0 
0 
ns 


tDS 
Data Setup Time 
40 
50 
60 
ns 


tDH 
Data Hold Time 
0 
0 
0 
ns 


tDH1.2 
CE1, CE2 Data Hold Time 
0 
0 
0 
ns 


tWOE 
WE Output Enable Time 
5 
5 
5 
ns 


twoD 
WE Output Disable Time 
40 
40 
50 
ns 


tACC 


CE2 
tCE2 


tCE1 


CE1 


tOE 


OE 


A.C. Waveforms for Write Cycle 1 (WE Write) 
(6) 


t we 


• 


AlmEL 


A.C. Waveforms for Write Cycle 2 (WE Write) 
(6) 


twc 


Notes: 


1. During a Read Cycle, WE should be HIGH. 
2. During this period, I/O-E.ins are in the output state. 
3. A Write occurs when CEt, CE2 and WE are all active at the 
same time. 
A Write begins at the latest transition among CEI going LOW, 
CE2 going mGH and WE going LOW. 
A Write ends at the earliest transition among CEI going HIGH, 
CE2 going LOW and WE going HIGH. 
twp is measured from the beginning of Write to the end of Write. 


4. tew is measured from the later of CEI going LOW or CE2 


going mGH to the end of Write. 


5. If OE or CEI is HIGH, or CE2 or WE is LOW, Dour goes to a 


HIGH impedance state. 


6. During a write cycle, OE = Vrn or VIL- 
7. Dour is equal to the Input Data written during the same cycle. 
8. Parameter is sampled and not 100% tested. 


Parameter 
Symbol 
Conditions 
Mln 
Typ 
Max 
Unhs 


CEI ~ VCC - 0.2 V 


Data Retention 
VDR1 
CE2 ~ Vcc - 0.2 V or 
2.0 
5.5 
V 


Power Supply Vonage 
CE2S0.2V 


VOR2 
CE2 SO.2V 
2.0 
5.5 


Vcc = 3.0 V 


ICCORI 
CEI ~ Vcc - 0.2 V 
1 
50 
~ 
Data Retention 
CE2 ~ Vcc-0.2 
V or 


Current 
CE2S0.2V 


ICCOR2 
Vcc=3.0 
V, 
1 
50 
~ 
CE2S0.2 
V 


Chip Enable Setup Time 
tCOR 
0 
ns 


Chip Enable Hold Time 
tR 
tRC(I) 
ns • 


Data Retention Waveform 1 (CE 1 Control) 
FT; 


1 
COR 
DATA RETENTION 
MODEin 
l 
R 


4.5V 
4.5V 


VORl 


~ 
CE" 
V~-O~ 
~ 


Ltv DATA AETENTIONMOOE .:U 


leDR 
~ 
VORZ 
/}--J 
I R 


CE, 
~_VIL 
_C_Ez 
~ O'2v 
__ 
.._~_, 
...km 
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lAcc 
Icc(mA) 
Ordering Code 
Package 
Operation 
Range 
(ns) 
Active 
Standby 


100 
35 
0.1 
AT3864L-10PC 
28P6 
Commercial 
AT3864L-10RC 
28R 
(0° to 70°C) 


AT3864L-10PI 
28P6 
Industrial 


AT3864L-10RI 
28R 
(-40° to 85°C) 


120 
35 
0.1 
AT3864L-12PC 
28P6 
Commercial 


AT3864L-12RC 
28R 
(0° to 70°C) 


AT3864L-12PI 
28P6 
Industrial 


AT3864L-12RI 
28R 
(-40° to 85°C) 


150 
35 
0.1 
AT3864L-15PC 
28P6 
Commercial 


AT3864L-15RC 
28R 
(00 to 70°C) 


AT3864L-15PI 
28P6 
Industrial 


AT3864L-15RI 
28R 
(-40° to 85°C) 


Package Type 


28P6 
I 
28 Lead, 0.600· Wide, Plastic Duallnline 
Package (PDIP) 


28R 
I 
28 Lead, 0.330· Wide Plastic Gull Wing Small Outline (SOle) 


Features 


• 
Fast Read Access Time - 150 ns 
• 
LowPower 
40 mA Maximum 
(Active) 
1 mA Maximum 
(Standby) 
• 
2·Y Data Retention 
• 
Fully Static: 
No Clock R~ulred 
_ 
• 
Three Control Inputs (CE1, CE2, and OE) 
• 
TIL 
Compatible 
Inputs and Outputs 
• 
5 Y ± 10".4 Supply 
• 
28-Lead Dual In-line 
• 
JEDEC Pinout 
• 
Full Military Temperature 
Range 


64K (8K X 8) 
CMOS 
SRAM 


Block Diagram 


As 
A6 


A7 
A6 


Ag 
AlO 


All 


A12 
• 


Description 


The AT3864L-lsDMB 
is a high performance CMOS static Random Access Memory. Its 64K 
of memory is organized 
as 8192 words by 8 bits. Manufactured 
with an advanced CMOS 
technology, the AT3864L-IsDMB 
offers access times down to 150 ns with power dissipation 
of 220 mW maximum. When the AT3864L-lsDMB 
is deselected, the standby current is just 
I mA. In addition, the AT3864L-IsDMB 
offers a data retention capability of only 800 l1W 
power dissipation 
when operated on a 2 V power supply. 


Pin Name 
Function 


At;.A12 
Addresses 


I/Ol-UDs 
Outpuls 


CEI, CE2 
Chip Enables 


OE 
Output Enable 


WE 
Write Enable 


Vcc,GND 
Power, Ground 


NC 
No Connect 
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The AT3864L-I5DMB 
powers down to the standby mode when 


deselected (CEI is lllGH or CEz is LOW). The I/O pins remain 
in the high impedance 
stale unless the chip is selected (CEI is 


LOW and CEz is lllGH). 
the OU.!l!!!..lS 
are enabled (OE is LOW). 


and Write Enable is not active (WE is lllGH). 


Temperature 
Under Bias 
-550 C to 1500 C 


Storage Temperature 
_650 C to 1500 C 


All Input Voltages 
(including NC Pins) 
with Respect to Ground 
-0.3 V to Vcc+0.3 
V 


All Output Voltages 
with Respect to Ground 
-0.3 V to Vcc+0.3 
V 


Maximum Supply Voltage 
+7.0 V 


Device Operation 


READ: 
When CEI is LOW. CEz is lllGH, 
OE is LOW, and 


WE is lllGH. 
the eight bilS of data stored at the memory loca- 


tion delermined by the address input (pins An through Alz) are 
inserted on the data OutpulS (pins I/OI through I/Os). 


WRITE: 
When CEI is LOW, CEz is lllGH, and WE is LOW. 
the eight bilS of data placed on the input pins (I/OI through I/Os) 


AlmEL 


The AT3864L-15DMB 
is completely 
1TL compatible 
and re- 


quires a single 5-V power supply. The device is fully static and 
does not need any clocks or refresh control signals for operation. 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 


mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and fWlctional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure 10absolute maximum rating conditions for extended 
periods may affect device reliability. 


are stored at the memory location determined 
by the address 
input (pins An through A12). 


DATA RETENTION: 
When the chip is in standby mode, Vcc 


can be reduced to as low as two vOllS without impacting data 
integrity. Power dissipation 
will be reduced to 800 ~W maxi- 
mum. 


MODE\PIN 
eEl 
CE2 
OE 
WE 
I/O 


Read 
L 
H 
L 
H 
DOUT 


Write 
L 
H 
X(l) 
L 
DIN 


StandbYl 
H 
X 
X 
X 
HighZ 


StandbY2 
X 
L 
X 
X 
HighZ 


Output Disable 
X 
X 
H 
X 
HighZ 


AT3864L-15 


Operating Temperature 
(Case) 
Military 
I 
-55°C - 125°C 


Vcc Power Supply 
I 
5 V± 10% 


Symbol 
Parameter 
COnditions 
Mln 
Typ 
Max 
Units 


III 
Input Load Current 
VIN = OtoVee 
-1.0 
1.0 
1lA 


CEI = 2.2 V to Vee + 0.3 V or 


Output Leakage 
CE2 = -0.3 V to 0.8 V or 


ILO 
OE = 2.2 Vto Vee + 0.3 Vor 
-1.0 
1.0 
1lA 
Current 
WE = -0.3 V to 0.8 V 
VI/O = 0 to Vee 


CE2~0.2Vor 


I5Bl 
Standby Current 
CEI ~ Vee - 0.2 V. 
1 
mA 
(CMOS) 
CE2 ~ Vee - 0.2 V or CE2 ~ 0.2 V 
VIN = 0 to Vee 


Standby Current 
CE2 = -0.3 V to 0.8 V or 


I5B2 
CEI = 2.2 V to Vee +0.3 V, 
3 
mA 
(TIL) 
VIN = 0 to Vee 


Vee Active Current 
CEI = -0.3 V to O. 8V. 
Ice 
(TIL) 
CE2 = 2.2 V to Vee + 0.3 V, 
20 
40 
mA 


lOUT= 0 mA, min cycle 


VIL 
Input Low Voltage 
-0.3 
0.8 
V 


VIH 
Input High Voltage 
2.2V 
Vee+0.3 
V 


VOL 
Output Low Voltage 
IOL= 2.0 mA 
0.4 
V 


VOH 
Output High Voltage 
IOH= -1.0mA 
2.4 
V • 


Symbol 
Parameter 
COnditions 
Mln 
Typ 
Max 
Units 


COUT 
I Input/Output 
Capacitance 
VOUT= 0 V 
6 
10 
pF 


CIN 
I Input Capacitance 
VIN =0 V 
6 
10 
pF 


AC 


MEASUREMENT 
LEVEL 
(1) (2) 


AC 
DRIVING 
LEVELS 


Noles: 
1. Input rise and fall time 5 ns. 
2. Output load: 1TIL gate + 100 pF. 
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AT3864L-15 


Symbol 
Parameter 
Min 
Max 
Units 


tRC 
Read Cycle Time 
150 
ns 


tAcc 
Address Access Time 
150 
ns 


tCEl,tCE2 
CEI ,CE2 Access Time 
150 
ns 


tOE 
OE Access Time 
70 
ns 


Output Hold Time 
, 


15 
tOH 
, 
ns 


tcoEI.2 
CEI, CE2 Output Enable Time 
10 
ns 


tOOE 
OE Output Enable Time 
5 
ns 


tCOOI,2 
CEI, CE2 Output Disable Time 
60 
ns 


tooo 
OE Output Disable Time 
50 
ns 


AT3864L-15 


Symbol 
Parameter 
Min 
Max 
Units 


twe 
Write Cycle Time 
150 
ns 


tAs 
Address Setup Time 
0 
ns 


twP 
Write Pulse Width 
90 
ns 


tCWI.2 
CEI, CE2 Setup Time 
-- 
. 
90 
_. 
ns 


twR 
Write Recovery Time 
0 
ns 


twRl.2 
CEI, CE2 Write Recovery Time 
0 
- 
ns 


tos 
Data Setup Time 
60 
ns 


tOH 
Data Hold Time 
0 
ns 


tOHI.2 
CEI, CE2 Data Hold Time 
0 
ns 


twoE 
WE Output Enable Time 
~ 
t. 
5 
ns 


twoo 
WE Output Disable Time 
50 
ns 


tACC 


CE2 
tCE2 


tCE1 
CE1 


tOE 


OE 


A.C. Waveforms for Write Cycle 1 (WE Write) 
(6) 


t we 
• 
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A.C. Waveforms 
for Write Cycle 2 (WE Write) 
(6) 


twc 


CE2 
tCW2 
(4) 


CE1 
tCW1 
(4) 


t 
COE1,2 
tWOD 


DOUT 
(5) 
tDH1,2 
too 


DIN 
(2) 
DATA· IN VALID 
(2) 


Notes: 
I. 
During 
a Read Cycle, 
WE should 
be HIGH. 


2. During 
this period, 
I/O~ins 
are in the output 
state. 
_ 


3. 
A Write 
occurs 
when CEI is LOW, 
CE2 is mGH, 
and WE is 


LOW. 
A Write 
begins 
at the latest transition 
among 
CEI going 
LOW, 
CE2 going 
mGH 
and WE going 
LOW. 
A Write 
ends at the earliest 
transition 
among 
CEI going HIGH, 
CE2 going 
LOW 
and WE going HIGH. 
twp is measured 
from the beginning 
of Write 
to the end of Write. 


4. 
tew is measured 
from the later of CEI going LOW 
or CE2 


go~ 
mGH 
to the end of Write. 
_ 
5. 
If OE or CEI is mGR, 
or CE2 or WE is LOW, 
Dour 
goes to a 


HIGH 
impedance 
state. 


6. 
During 
a write cycle, 
OE = Vrn or VIL 
7. Dour 
is equal 
to the Input Data written 
during 
the same cycle. 


8. 
Parameter 
is sampled 
and not 100% tested. 


Parameter 
Symbol 
Conditions 
Mln 
Typ 
Max 
Units 


CEI ~ Vcc - 0.2 V 


Data Retention 
VDR1 
CE2 ~ Vcc - 0.2 V or 
2.0 
5.5 
V 


Power Supply Voltage 
CE2~0.2V 


VOR2 
CE2 ~0.2V 
2.0 
5.5 


Vcc =3.0V 


ICCORI 
CEI ~ Vcc - 0.2 V 
1 
400 
J.!A 
Data Retention 
CE2 ~ Vcc-0.2 
V or 


Current 
CE2~0.2V 


ICCOR2 
Vcc = 3.0 V, 
1 
400 
J.!A 


CE2~0.2V 


Chip Enable Setup Time 
tCOR 
0 
ns 


Chip Enable Hold Time 
tR 
tRC(I) 
ns 


Data Retention Waveform 1 (CE 1 Control) 
___ ~~ICOR 
DATA RETENTION 
MODE ;;AIR 
_ 


4.5V 
4.5V 


VORl 
wf\ 
CE, > 
Voc·O'V ;i® 


v CC 
~ 
DAO. 
RETENTION 
MODE .j~ 
'R 


leOR 
~V 
V 
OR2 
/}--l 


CE, 
~_VIL 
~C_E2~~O'2v~v"Wm 


AlmlL 
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tACC 
Icc(mA) 


Ordering Code 
Package 
Operation 
Range 
(ns) 
Active 
Standby 


150 
40 
1.0 
AT3864L-150MB 
2806 
Military 
(-55° to 125°C) 


Package Type 


28 Lead, 0.600" Wide, Non-Windowed, Ceramic Ouallnline Package (Cerdip) 


Features 


• 
Fast Read Access Time· 20 ns 
• 
LowPower 
100 mA Maximum (Active) 
0.1 mA Maximum (Standby) 
• 
Fully Static: No Clock Required 
• 
Two Control Inputs (CE and OE) 
• 
TTL Compatible Inputs and Outputs 
• 
5 V ± 10"A.Supply 
• 
28-Lead Dual In·llne and Surface Mount Packages 
• 
JEDEC Pinout 
• 
Commercial and Industrial Temperature Ranges 


Block Diagram 
1.3 
1.4 


1.5 
A. 


1.7 
1.12 
1.'3 
1.14 


Description 


The AT38H256 
is a high performance 
CMOS static Random Access Memory. Its 256K of 
memory is organized as 32768 words by eight bits. Manufactured 
with an advanced CMOS 


technology, 
the AT38H256 
offers access times down to 20 ns. When the AT38H256 
is 
deselected, the standby current is just 0.1 mA. 


The AT38H256 powers down to the standby mode when deselected~E 
is HIGH). The I/O 
pins remain in the high impedance state unless the chip is selected (CE is LOW), the outputs 
are enabled (OE is LOW), and Write Enable is not active (WE is HIGH). 


The AT38H256 is completely TTL compatible and requires a single five-volt power supply. 
The device is fully static and does not need any clocks or refresh control signals for operation. 


Pin Configurations 


For .300 DIP/.GOO DIP/.300 
SOJ 


Pin Name 
Function 


AtrA14 
Addresses 


I/O,-I/Ce 
Outputs 


CE 
Chip Enable 


OE 
Output Enable 


WE 
Write Enable 


Vcc, GND 
Power, Ground 


256K (32K X 8) 
CMOS 
SRAM • 


Absolute Maximum Ratings· 


Temperature 
Under Bias 
-550 C to 1250 C 


Storage Temperature 
_650 C to 1500 C 


All Input Voltages 
(including NC Pins) 
with Respect to Ground 
-0.3 VII) to Vcc + 0.3 V 


All Output Voltages 
with Respect to Ground 
-0.3 V(1) to Vcc + 0.3 V 


Maximum Supply Voltage 
+7.0 V 


Device Operation 


READ: 
When CE is LOW, OE is LOW, and WE is HIGH, the 


eight bits of data stored at the memory location detennined 
by 


the address input (pins Ai:Jthrough A14) are inser1ed on the data 
outputs (pins 1/01 through 1/08). 


A1IDEL 


*NOTICE: Stresses beyond those lisled under "Absolute Maxi- 
mwn Ratings" may cause pennanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximwn rating conditions for extended 
periods may affect device reliability. 


Note: 
1. Minimwn input voltages are -3.5 V for pulse width less 


than 20ns. 


WRITE: 
When CE is LOW and WE is LOW, the eight bits of 


data placed on the input pins (1/01 through 1/08) are stored at 
the memory location detennined 
by the address input (pins Ai:J 


through AI4). 


MODE\PIN 
CE 
OE 
WE 
1/0 


Read 
L 
L 
H 
DOUT 


Write 
L 
XlI) 
L 
DIN 


Standby (Not Selected) 
H 
X 
X 
HighZ 


Output Disable (High Impedance) 
X 
H 
X 
HighZ 


AT38H256 


Operating 
Commercial 
OOC-70°C 


Temperature 
(Ambient) 
Industrial 
-40°C - 85°C 


Vcc Power Supply 
5 V± 
10% 


Symbol 
Parameter 
Conditions 
Mln 
Typ 
Max 
Units 


III 
Input Load Current 
VIN = 0 to Vee 
2 
j.iA 


CE = 2.2 V to Vee + 0.3 V or 


ILO 
Output Leakage 
OE = 2.2 Vto Vee + 0.3 Vor 
2 
j.iA 


Current 
WE = -0.3 V to 0.8 V 
VI/O = 0 to Vee 


Standby Current 
CE ~ Vee - 0.2 V, 
Com. 
0.1 
mA 
15B1 
(CMOS) 
VIN = (Vee - 0.2 V) or ~ 0.2 V 
Ind. 
1.0 
mA 


15B2 
Standby Current 
CE = 2.2 V to Vee +0.3 V, 
25 
mA 
(TIL) 
VIN = VIL or VIH 


Ice 
Vee Active Current 
CE = -0.3 V to 0.8 V, 
100 
mA 
(TIL) 
lOUT= 0 mA, min cyde 


VIL (1) 
Input Low Voltage 
-0.3(2) 
0.8 
V 


VIH (1) 
Input High Voltage 
2.2V 
Vee +0.3 
V 


VOL 
Output Low Voltage 
IOL=8.0 
mA 
0.4 
V 


VOH 
Output High Voltage 
IOH= -4.0 mA 
2.4 
V 


Note: 
I. These are voltages with repectto device GND. 
2. VIL = -3.0 V for pulse width less than 20 ns. 
• 


Symbol 
Parameter 
Conditions 
Mln 
Max 
Units 


COUT 
InpuUOutput Capacitance 
VOUT= 0 V 
10 
pF 


CIN 
Input Capacitance 
VIN = 0 V 
10 
pF 


Output Test Load 
Figure 1 


Condition 
1 


5V 


Condition 2 (2) 


5V 


(I) 


30pF J 


Notes: 
I. Capacitance Load includes scope and jig capacitances. 
2. For tcoE, 
looE, 
tcoD, 
looD, 
!WOE, !WOD. 


Item 
Condition 


Input pulse "High" level 
VIH = 3.0V 


Input pulse "Low" level 
VIL= 0 V 


Input rise time 
tR = 5 ns 


Input fall time 
tF = 5 ns 


Input and output reference level 
1.5 V 


Output load 
See Figure 1 


AlmEL 


A1IDEL 


AT38H256-20 
AT38H256-25 
AT38H256-35 


Symbol 
Parameter 
Min 
Max 
Min 
Max 
Min 
Max 
Units 


tRC 
Read Cycle Time 
20 
25 
35 
ns 


IAcc 
Address Access Time 
20 
25 
35 
ns 


tCE 
CE Access Time 
20 
25 
35 
ns 


tOE 
OE Access Time 
12 
12 
20 
ns 


tOH 
Output Hold Time 
5 
5 
5 
ns 


tCOE(l) 
CE Output Enable Time 
5 
5 
5 
ns 


tooE(l) 
OE Output Enable Time 
0 
0 
0 
ns 


tCOO(l) 
CE Output Disable Time 
10 
10 
15 
ns 


tOOO(l) 
OE Output Disable Time 
13 
13 
15 
ns 


AT38H256-20 
AT38H256-25 
AT38H256-35 


Symbol 
Parameter 
Min 
Max 
Min 
Max 
Min 
Max 
Units 


twc 
Write Cycle Time 
20 
25 
35 
ns 


IAs 
Address Setup Time 
0 
0 
0 
ns 


twp 
Write Pulse Width 
15 
20 
30 
ns 


tcw 
CE Setup Time 
15 
20 
30 
ns 


twR 
Write Recovery Time 
2 
2 
2 
ns 


tos 
Data Setup Time 
12 
12 
15 
ns 


tOH 
Data Hold Time 
0 
0 
0 
ns 


twoE(l) 
WE Output Enable Time 
0 
0 
0 
ns 


twoO(l) 
WE Output Disable Time 
8 
13 
15 
ns 


Note: 
1. Transition is measured by ±500 mY from the normal state with the output test load circuit, condition 2. 


This parameter is sampled and is not 100% tested. 


A.C. Waveforms 
for Write Cycle 1 (WE Write) 
(6) 


twc 
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twp(3) 


WE 


CE 
tcw 
(4) 


twOD 


Dour 
(5) 


tDH 
tDS 


DIN 
(2) 
DATA-IN VALID 
(2) 


AlmlL 


A.C. Waveforms for Write Cycle 2 (WE Write) (6) 


twc 


Notes: 
1. During a Read Cycle. WE should be HIGH. 
2. During this period, I/O-.E!ns are in the output state. 
3. A Write occurs when CE and WE are LOW at the same time. 
A Write begins at the latestlransition 
among CE going LOW. 
and WE going LOW. 
A Write ends at the earliestlransition 
among CE going HIGH. 


and WE going HIGH. 
twp is measured from the beginning of Write to the end of Write. 


4. tcw is measured from the later of CE going LOW or going 


HIGH to the end of Write. 
5. lfCEor 
OE is HIGH. or WE is LOW. Dour goes to a high im- 
pedance state. 
6. During a write cycle. OE = Vrn or V~ 
7. Dour is equal to the Input Data written during the same cycle. 


lAcc 
Icc(mA) 
Ordering Code 
Package 
Operation 
Range 
(ns) 
Active 
Standby 


20 
100 
0.1 
AT38H256-20NC 
28P3 
Commercial 


AT38H256-20XC 
2852 
(0° to 70°C) 


20 
100 
1.0 
AT38H256-20NI 
28P3 
Industrial 


AT38H256-20XI 
2852 
(-40° to 85°C) 


25 
100 
0.1 
AT38H256-25NC 
28P3 
Commercial 


AT38H256-25XC 
2852 
(0° to 70°C) 


25 
100 
1.0 
AT38H256-25NI 
28P3 
Industrial 


AT38H256-25XI 
2852 
(-40° to 85°C) 


35 
100 
0.1 
AT38H256-35NC 
28P3 
Commercial 


AT38H256-35XC 
2852 
Wto 
70°C) 


35 
100 
1.0 
AT38H256-35NI 
28P3 
Industrial 


AT38H256-35XI 
2852 
(-40° to 85°C) • 


Package Type 


28P3 
I 
28 Lead, 0.300· Wide, Plastic Dual Inline Package (PDIP) 


28S2 
I 
28 lead, 0.300· Wide, Plastic J-leaded 
Small Outline (SOJ) 


AlmEL 


• 
LowPower 
25 mA Maximum 
(Active) 
30 IJ,A Maximum 
(Standby) 


• 
3.3 V ± 10% Supply 
• 
Fully Static: 
No Clock 
Required 
• 
Two Control 
Inputs 
(CE and OE) 
• 
TTL Compatible 
Inputs 
and Outputs 
• 
28-Pln SOIC Surface 
Mount 
Packages 
• 
JEDEC Pinout 


Block Diagram 


A3 
A4 
As 
A8 


A7 
A'2 
A'3 
A14 


Description 


The AT38L V256 is a high pecfonpanc 
CMOS static Random Access Memory. Its 256K of 
memory is organized as 32768 
ords by eigh 
bits. Manufactured 
with an advanced CMOS 


technology, 
the AT381!V256,offers 
access limes down to 70 ns. When the AT38LV256 
is 
deselected, the standby curte 
Us just,J 
jiA. 


The AT38L V256 powers down to the standby mode when deselecte£1CE 
is lllGH). The I/O 


pins remain in ~ 
high impedance state unless the chip is selected (CE is LOW), the outputs 
are enabled (OR is 
O~ 
an4 Write Enable is not active (WE is HIGH). 


The AT38LV256 
is comple 
Iy TIL compatible and requires a single 3.3-volt power supply. 
The device is fully static and does not need any clocks or refresh control signals for operation. 


sOle Top View 


A,4 
28 
'JCC 
A12 
27 
WE 


A7 
26 
A'3 
A8 
25 
A8 


A5 
24 
I>S 
M 
23 
A11 


A3 
22 
OE 


A2 
21 
A,O 


A' 
20 
CE 


AO 
I. 
1.08 
1.0, 
'8 
1.07 
1.02 
'7 
L<l6 
1.03 
18 
1.05 


GND 
'5 
1.04 
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Pin Name 
Function 


A<rA14 
Addnosses 


UO,-I/Oe 
Outputs 


CE 
Chip Enable 


OE 
Output Enable 


WE 
Write Enable 


Vcc, GND 
Power. Ground 


• 


Temperature 
Under Bias 
-55 
0 C to 125 


0 C 


Storage Temperature 
-650 C to 1500 C 


All Input Voltages 
(including NC Pins) 
with Respect to Ground 
-0.3 V(l) to Vcc + 0.3 V 


All Output Voltages 
with Respect to Ground 
-0.3 V(l) to Vcc + 0.3 V 


Maximum Supply Voltage 
+7.0 V 


Device Operation 


READ: 
When CE is LOW, OE is LOW, and WE is HIGH, the 


eight bits of data stored at the memory location determined by 
the address input (pins Ao through A14) are inserted on the data 
outputs (pins 1/01 through I/Os). 


AlmEL 


*NOTICE: Stresses beyond those lisled under "Absolule Maxi- 


mum Ralings" may cause permanenl damage 10the device. 
This is a stress raling only and functional operation of the de- 
vice at1hese or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Note: 
1. Minimum input voltages are -3.5 V for pulse width less 
than 20ns. 


WRITE: 
When CE is LOW and WE is LOW, the eight bits of 


data placed on the input pins (I/OI through I/Os) are stored at 
the memory location determined 
by the address input (pins Ao 


through AI4). 


MODE\PIN 
CE 
OE 
WE 
I/O 


Read 
L 
L 
H 
DOUT 


Write 
L 
X(1) 
L 
DIN 


Standby (Not Selected) 
H 
X 
X 
HighZ 


Output Disable (High Impedance) 
X 
H 
X 
HighZ 


AT38LV256 


Operating Temperature 
(Ambient) 
Commercial 
OOC-70°C 


Vcc Power Supply 
3.3 V± 
10% 


Symbol 
Parameter 
Conditions 
Mln 
Typ 
Max 
Units 


III 
Input Load Current 
VIN=OtoVcc 
2 
jJ.A 


CE = 2.2 V to Vcc + 0.3 V or 


ILO 
Output Leakage 
OE = 2.2 V to Vcc + 0.3 V or 
30 
jJ.A 
Current 
WE = -0.3 V to 0.8 V 
Vvo= 
OtoVcc 


IS81 
Standby Current 
CE ~ Vcc - 0.2 V, 
30 
jJ.A 
(CMOS) 
VIN = (Vcc - 0.2 V) or:!> 0.2 V 


ISB2 
Standby Current 
CE = 2.2 V to Vcc +0.3 V, 
2.5 
mA 
(TIL) 
VIN = Vil or VIH 


Icc 
Vcc Active Current 
CE = -0.3 V to 0.5 V, 
25 
mA 
(TIL) 
lOUT= 0 mA, min cycle 


Vil (1) 
Input Low Voltage 
-0.3(2) 
0.5 
V 


VIH(1) 
Input High Voltage 
2.2V 
Vcc + 0.3 
V 


Val 
Output Low Voltage 
IOl= 
1.0 mA 
0.4 
V 


VOH 
Output High Voltage 
IOH= -0.5 mA 
2.4 
V 


Note: 
1. These are voltages with Tepeet to device GND. 
2. VIL = -3.0 V for pulse width less than 20 ns. 
• 


Symbol 
Parameter 
Conditions 
Mln 
Max 
Units 


COUT 
Input/Output 
Capacitance 
VOUT= OV 
10 
pF 


CIN 
Input Capacitance 
VIN =0 V 
10 
pF 


Output Test Load 
Figure 1 


Condition 
1 


3.3V 


Condition 2 (2) 


3.3 V 


(I) 


100pF J 


Notes: 
1. Capacitance Load includes scope and jig capacitances. 
2. FOT teaE, IooE, teal), 
IooD. twOE, twOD. 


Item 
Condition 


Input pulse "High" level 
VIH = 3.0 V 


Input pulse "Low" level 
Vll=O 
V 


Input rise time 
tR = 5 ns 


Input fall time 
tF = 5 ns 


Input and output reference level 
1.5 V 


Output load 
See Figure 1 


ATmEL 
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AT38LV256-70 
AT38LV256·12 


Symbol 
Parameter 
Min 
Max 
Min 
Max 
Units 


tRC 
Read Cycle Time 
70 
120 
ns 


!Acc 
Address Access Time 
70 
120 
ns 


tCE 
CE Access Time 
70 
120 
ns 


tOE 
OE Access Time 
35 
60 
ns 


toH 
Output Hold Time 
10 
10 
ns 


tCoE(l) 
CE Output Enable Time 
10 
10 
ns 


tooE (1) 
OE Output Enable Time 
5 
5 
ns 


tcoo 
(1) 
CE Output Disable Time 
30 
40 
ns 


tooo(l) 
OE Output Disable Time 
30 
40 
ns 


AT38LV256·70 
AT38LV256·12 


Symbol 
Parameter 
Min 
Max 
Min 
Max 
Units 


twc 
Write Cycle Time 
70 
120 
ns 


!As 
Address Setup Time 
0 
0 
,. 


ns 


twp 
Write Pulse Width 
45 
100 
, 
ns 


tcw 
CE Setup Time 
70 
110 
ns 


twR 
Write Recovery Time 
5 
5 
ns 


tos 
Data Setup Time 
30 
70 
ns 


toH 
Data Hold Time 
0 
0 
ns 


twoE (1) 
WE Output Enable Time 
10 
10 
ns 


twoo(1) 
WE Output Disable Time 
30 
40 
ns 


Note: 
I. Transition is measured by ±500 mV from the normal state with the output test load circuit, condition 2. 


This parameter is sampled and is not 100% tested. 


CE 


twoo 


DOUT(S) 


tos 
tDH 


DIN 
(2) 
I"'TA·IN VAllO 
(2) 


tACe 


tCE 


A.C. Waveforms for Write Cycle 1 (WE Write) (6) 


twc 
• 


twp(3) 


WE 


CE 
tcw 
(4) 


twOD 


DOUT 
(5) 


tDH 
tDS 


DIN 
(2) 
DATA-IN VALID 
(2) 


AlmEL 


A.C. Waveforms for Write Cycle 2 (WE Write) 
(6) 


twc 


Notes: 
1. During a Read Cycle, WE should be HIGH. 
2. During this period, 110---.£insare in the output state. 
3. A Write occurs when CE and WE are LOW at the same time. 


A Write begins at the latest transition among CE going LOW, 
and WE going WW. 
A Write ends at the earliest transition among CE going HIGH, 
and WE going HIGH. 
twp is measured from the beginning of Write to the end of Write. 


4. tcw is measured from the later of CE going LOW or going 


HIGH to the end of Write. 
5. If CE or OE is HIGH, or WE is LOW, Dour goes to a high im- 
pedance state. 
6. During a write cycle, OE = Vrn or V~ 
7. Dour is equal to the Input Data written during the same cycle. 


fAce 
Icc(mA) 
Ordering Code 
Package 
Operation 
Range 
(n5) 
Active 
Standby 


70 
25 
0.03 
AT38LV256-70RC 
28R 
Commercial 
(0° to 70°C) 


120 
25 
0.03 
AT38LV256-12RC 
28R 
Commercial 
(0° to 70°C) 


Package Type 


28 Lead, 0.330· Wide, Plastic Gull Wing Small Outline (SOle) 
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Product Information 


E2PROMs 


PEROMs (Flash) 


EPROMs 


PROMs 


SRAMs 


EPLDs 


Gate Arrays 


Logic 


Smart Card ICs 


Mixed Signal 


Microcontroller 


Packaging Services 


Quality and Reliability 


Military 


Die Products 


Standard Package Outlines 
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AT18V8Z 
AT22V10/L 
AT22V10B 
AT22 LV1OIL 
ATV750/L 


20-Pin Package, 8 FFs, 8 1/0 Pins 
7-3 


24-Pin Package, 10 FFs. 10 1/0 Pins 
7-19 


High Speed. 24-Pin Package. 10 FFs. 10110 Pins 
7-35 


Low Voltage. 24-Pin Package. 10 FFs, 10 1/0 Pins 
7-45 


24-Pin Package. 20 FFs, 10 I/O Pins 
7-59 


Application Brief 
7-77 


Low Voltage, 24-Pin Package. 20 FFs. 10110 Pins 
7-81 


40-Pin Package. 48 FFs. 24 1/0 Pins 
7-83 


Application Brief 
7-99 


Low Voltage. 40-Pin Package, 48 FFs, 241/0 Pins 
7-101 


68-Pin Package, 128 FFs, 521/0 Pins 
7-103 


Application Brief 
7-115 


68-Pin Package. 128 FFs. 521/0 Pins 
7-131 


Application Brief 
7-145 


ATV750LV/LVL 
ATV2500H/L 


ATV2500LV/LVL 
ATV5000/L 


H-Series 
ATH3000/L 


High-Throughput EPLD Introduction 
7-161 


High-Throughput 68-Pin Package, 56 FFs, 561/0 Pins 
7-165 


EPLD Software Support 
EPLD Software Tools Overview 
7-177 


Atmel-ABELTM-4 
High-Level Design Tool for Atmel PLDs 
7-181 


Atmel-FIT2500 
ABEL-4 Custom Logic Fitter for ATV750. ATV2500 
7-183 


Atmel-FIT5000 
ABEL-4 Custom Logic Fitter for ATV5000. ATV51 00 
7-185 
Atmel-ViewPLD 
Design Tool for Atmel PLDs 
7-187 


Programming Hardware and Software Support 
7-191 


EPLD Application Notes 
Using Programmable Logic Devices 
7-195 


Selecting Decoupling Capacitors for Atmel's EPLDs 
7-199 
Using a PLD as a System Controller 
7-203 


Using the Buried Nodes and Feedbacks 
7-209 
Testing Non-Windowed CMOS PLDs 
7-213 


Designing with Atmel- ViewPLD 
7-217 
ATH3000 Registered Bus MUltiplexer 
7-239 
ATV5000 DMA Controller 
.7-247 
Using the Programmable Polarity Control. 
7-261 
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ICWCLK 
Vcc 
IQICLK 
1 
20 
vcc 
12 
11 
F7 
11 
2 
I. 
F7 


12 
3 
18 
F6 
13 
F6 


13 
• 
17 
F5 
I. 
F5 


I. 
5 
16 
F. 
15 
6 
16 
F. 
15 
6 
15 
F3 
16 
F3 


16 
7 
" 


F2 
17 
F2 
17 
8 
13 
F1 
11 


18 
• 
12 
FO 


GND 
10 
11 
I.IOE 
18 
FO F1 


GND 
I.IOE 
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Features 


• 
2o-pln Universal 
EPLD 
• 
Virtually 
Zero Standby 
Power 
• 
Functional 
Replacement 
for Common 
2o-Pln Programmable 
Devices 


IOL= 24 mA 
• 
High Performance 
CMOS EPROM Cell Technology 


Erasable 
Reconflgurable 
100"10Testable 
• 
25 ns and 35 ns Max Propagation 
Delay (Commercial) 


• 
30 ns and 40 ns Max Propagation 
Delay (Industrial) 


• 
Up to 18 Inputs 
and 8 Input/Output 
Macrocells 


• 
Programmable 
Output 
Polarity 
• 
Power-Up 
Reset on all Registers 


• 
Register 
Preload 
capability 


• 
Synchronous 
Preset/Asynchronous 
Reset 


• 
Securny 
Fuse to Protect 
Duplication 
of Proprietary 
Designs 


• 
Design 
Support 
Provided 
using 
many PopUlar Software 
Development 


Packages 
for PLDs 
• 
Available 
In 3DO-mll-wlde 
DIP with Quartz Window, 
Plastic 
DIP (OTP), or 


PLCC(OTP) 
• 
Second 
Source 
to Sig netic's 
PLC18V8Z/1 


Description 
The AT1SVSZ is a universal EPLD featuring high performance 
and virtually zero-standby 


power for power-sensitive 
applications. 
It is a reliable, user-configurable 
substitute for dis- 


crete TIL/CMOS 
logic. While compatible 
with TIL 
and HCf logic, the AT1SVSZ can also 


replace HC logic over the Vcc range of 4.5 to 5.5 V. 


The AT1SVSZ is a two-level logic element comprised of ten inputs, 74 AND gates (product 
terms), and eight output Macrocells. 


Each output features an "Output Macrocell" 
which can be individually 
configured as a dedi- 


cated input, a combinatorial 
output, or a registered output with internal feedback. As a result, 
the AT1SVSZ is capable of emulating all common 20-pin programmable 
logic devices to re- 


duce documentation, 
inventory, and manufacturing 
costs. 


A power-up reset function and a Register Preload function have been incorporated 
into the 
AT1SVSZ architecture 
to facilitate state machine design and testing. 


With a standby current of less than 100 J.IA and active power consumption 
of 1.5 mA/MHz, 
the AT1SVSZ is ideally suited for power-sensitive 
applications 
in battery-operated/backed 


portable instruments and computers. 


The AT1SVSZ is also processed 
to industrial requirements 
for operation over an extended 


temperature range of -40'C to +S5'C and supply voltage of 4.5 V to 5.5 V. 


Pin Name 
Function 


II/CLK 
Clock and Logic Input 


I#/OE 
Output Enable and 
Logic Input 


1# 
Logic Inpuls 


F# 
Bidirectional Buffers 
, 
No Internal Connection 


Vcc 
+5 V Supply 


Zero-Standby 
Power 
20-Pin EPLD 


• 
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Notes: 
In the unprogrammed or virgin state: 
1. All cells are in a conductive state. 
2. All AND gate locations are pulled to a logic "0" (Low). 
3. Output polarity is inverting. 


4. Pins 1 and 11 are configured as Inputs 0 and 9, respectively, via 
the configuration cell. The clock and DE functions are 
disabled. 
5. All output macrocells (OMes) are configured as bidirectional 
liD, with the outputs disabled via the direction term. 


Absolute Maximum Ratings* 


Operating Temperature 
(Commercial) 
O·C to +75'C 


Operating Temperature 
(Industrial) 
-40·C to +85'C 


Storage Temperature 
-65·C to +150'C 


Supply Voltage 
-0.5 to +7 Voc 


Operating Supply Voltage 
(Commercial) 
4.75 to 5.25 Voc 


Operating Supply Voltage 
(Industrial) 
.4.5 to 5.5 Voc 


Input Voltages 
(including N.C. Pins) 
with Respect to Ground 
-0.5 V to Vcc+0.5 
Voc 


Output Voltages 
with Respect to Ground- 
0.5 V to Vcc+0.5 
Voc 


Input Currents 
-10 to +10 mA 


Output Currents 
+24 mA 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions beyond those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 
• 


16L8 
16L2 
14L4 
12L6 
10L8 
PIN 
AT18V8Z 
16H8 
16R4 
16R6 
16R8 
16H2 
14H4 
12H6 
10H8 
NO. 
16P8 
16RP4 
16RP6 
16RP8 
16P2 
14P4 
12P6 
10P8 
16P8 


1 
loICLK 
I 
ClK 
ClK 
ClK 
I 
I 
I 
I 


19 
F7 
B 
B 
B 
D 
I 
I 
I 
0 


18 
F6 
B 
B 
D 
D 
I 
I 
0 
0 


17 
F5 
B 
D 
D 
D 
I 
0 
0 
0 


16 
F4 
B 
D 
D 
D 
0 
0 
0 
0 


15 
F3 
B 
D 
D 
D 
0 
0 
0 
0 


14 
F2 
B 
D 
D 
D 
I 
0 
0 
0 


13 
F1 
B 
B 
D 
D 
I 
I 
0 
0 


12 
FO 
B 
B 
B 
D 
I 
I 
I 
0 


11 
Ig/N 
I 
N 
OE 
N 
I 
I 
I 
I 


The Atmel state-of-the-art floating-gate CMOS EPROM process 
yields bipoL1fequivalent performance at less than one-quarter the 
power consumption. The erasable nature of the EPROM process 
enables Atmel to functionally test the devices prior to shipment to 


the customer. 
Additionally, 
this allows Atmel to extensively 


stress test, as well as ensure the threshold 
voltage of each in- 


dividual 
EPROM 
cell. 
!()()% programming 
yield 
is sub- 


sequently guaranteed. 


tTO 
ALLOMC, 


- ------!------------------------l 


I 
, 
: 
I 
: 
: 


Ii 


, 
I 
I 
'I 


! 
,!I 
=1 
L-----------------t-----t-t----- 
-----------.------.--, 


• U 
TO A.lLOMC, 
11 M 


Note: 


11m Denotes a programmable cell location. 


Configuration 
Cell 
A single configuration 
cell controls the functions of Pins I and 
II. Refer to Functional Diagram. When the configuration ceil is 
programmed, 
Pin I is a dedicated clock and Pin II is dedicated 
for 
output 
enable. 
When 
the 
configuration 
cell 
is 
un- 
programmed, 
Pins 1 and 11 are both dedicated inputs. Note that 
the output enable for all registered OMCs is common-from 
Pin 
II only. Output enable control of the bidirectional I/O OMCs is 
provided from the AND array via the direction product term. 


If anyone 
OMC is configured 
as registered, the configuration 
cell will be automatically 
configured 
(via the design software) 


The Output Macrocell (OMC) 
The AT18V8Z series devices have eight individually 
program- 
mable Output 
Macrocells. 
The 72 AND 
inputs 
(or product 
terms) from the programmable 
AND array are connected to the 
eight OMCs in groups of nine. Eight of the AND terms are dedi- 
cated to logic functions; the ninth is for asynchronous 
direction 
control, which enables/disables 
the respective bidirectional 
I/O 
pin. Two product 
terms are dedicated 
for the Synchronous 
Preset and Asynchronous 
Reset functions. 


Each OMC can be independently 
programmed 
via 16 architec- 
ture control bits, ACln 
and AC2n (one pair per macrocell). 
Similarly, each OMC has a programmable 
output polarity con- 
trol bit (Xn). By configuring the pair of architecture 
control bits 
according 
to the configuration 
cell table, four different 
con- 
figurations 
may be implemented. 
Note that the configuration 
cell is automatically programmed 
based on the OMC configura- 
tion. 


Design Security 
The AT18V8Z 
series devices 
have a programmable 
security 
fuse that controls the access to the data programmed in the device. 


to ensure that the clock and output enable functions are enabled 
on Pins 1 and 11, respectively. If none of the OMCs are registered, 
the configuration 
cell will be programmed 
such that Pins 1 and 
II are dedicated inputs. The programming 
codes are as follows: 


Pin 1 = CLK, Pin 11 = OE 


Pin 1 and Pin 11 = Input 


Control 
Cell Configurations 


Function 
AC1n 
AC2n 
Conflg. 
Cell 
Comments 


Registered 
Mode 
Programmed 
Programmed 
Programmed 
Dedicated clock from Pin 1. OE control 
for all registered OMCs from Pin 11 only. 


Bidirectional 
1/0 mode(1) Unprogrammed 
Unprogrammed 
Unprogrammed 
Pins 1 and 11 are dedicated 
inputs. 


3-State control from AND array only. 


Fixed input mode 
Unprogrammed 
Programmed 
Unprogrammed 
Pins 1 and 11 are dedicated 
inputs. 


Fixed output mode 
Programmed 
Unprogrammed 
Unprogrammed 
Pins 1 and 11 are dedicated 
inputs. The 
feedback path (via FMUX) is disabled. 


Note: 
I. This is the virgin state as shipped by the factory. 


s:1 
)[)----{>o---F(O), 


OMCConfiQuration 
Code I 


Pin 1 = ClK 
L 
I 
Pin 11 =OE 


Notes: 
A factory shipped unprogrammed device is configured such that: 
1. This is the initial unprogrammed state. All cells are in a conduc- 
tive state. 
2. All AND gates are pulled to a logic "0" (Low). 
3. Output polarity is inverting. 
4. Pins 1 and 11 are configured as inputs 0 and 9. The clock and 


OE functions 
are disabled. 


• 
~~-------F 
(I) 


OMCConfiguration 


FixedInput 


CD---t;>---- 


NCDLKQ 
SP 


AR 
_ 
NC 
OE 
~~-----DTI 


OMCConfiguration 
Code 


Pin 1 = Input 
H(6) 


Pin 11 = Input 


5. All Output Macrocells (OMCs) are configured as bidirectional 


1/0, with the outputs disabled via the direction tenn. 


6. This configuration cannot be used if any OMCs are configured 


as registered (Code = D). The configuration cell will be auto- 
matically configured to ensure that the clock and output 
enable functions are enabled on Pins 1 and II, respectively, if 
anyone OMC is programmed as registered. 


AlmEL 


D.C. Characteristics 


TAe = o·C to +75"C, Vee = 4.75 V to 5.25 V; TAl = -40'C 
to 85'C, 
Vee = 4.5 V to 5.25 V; R2 = 390 
0 


Symbol 
Parameter 
Condition 
Mln 
Typ 
Max 
Units 


VIL 
Input Low Voltage 
Vee = Min 
-0.3 
0.8 
V 


VIH 
Input High Voltage 
Vee = Max 
2.0 
Vee+0.3 
V 
VOL (2) 
Output 
Low Voltage 
Vee = Min, 10L= 24 mA 
0.500 
V 


VOH(2) 
Vee = Min, 10H= -3.2 mA 
2.4 
V 
Output 
High Voltage 
Vee = Min, 10H= -20 J.lA 
Vee-0.1 
V 
V 


IlL 
Input Low Current 
VIN=GND 
-10 
j.lA 


hH (7) 
Input High Current 
VIN= Vee 
10 
j.lA 


10(OFF) 
Hi-Z State 
Output 
Current 
VOUT= Vee 
10 
J.lA 


VOUT= GND 
-10 
J.lA 


108(3) 
Short 
Circuit Output 
Current 
VOUT= GND 
-130 
mA 


Ice 
Vee Standby 
Supply 
Current 
Vee = Max, 
100 
J.lA 
VIN= 0 or Vcc 
(8) 


ICC/I(4) 
Vcc Active Supply 
Current 
Vcc = Max 
1.5 
mAIM Hz 
(CMOS 
Inputs) (5.6) 


CI 
Input Capacitance 
Vcc = 5 V, VIN= 2.0 V 
12 
pF 


CB 
I/O Capacitance 
VB= 2.0 V 
15 
pF 


Notes: 
I. All typical values are at Vcc = 5 V, TA= +25·C. 
2. All voltage values are with respect to network ground terminal. 
3. Duration of short-circuit should not exceed one second. Test one 
at a time. 


4. Tested with TLL input levels: VIL= 0.45 V, Vrn = 2.4 V. 
Measured with all outputs switching. 


C'VC2, 


~ 
! 


Notes: 
Ct and C2 are to bypass Vcc to GND. 
CL=50pF 
Rl =2000 
R2=3900 


5. t.Icc/TLL input = 2 mA. 
6. .1.Iccvs. frequency (registered configuration) = 2 mA/MHz. 
7. IlLfor Pin I (Ia/CLK) is ± 10 ~A with VlN= 0.4 V. 
8. VlNincludes CLK and OE if applicable. 


Voltage Waveforms 


Input Pulses 


Note: All circuit delays are measured at the +1.5 V 


level of inputs and outputs, unless otherwise 
specified. 


A.C. Read Characteristics 


TAC = o·C to +75·C, Vcc = 4.75 V to 5.25 V; TAl = -40·C to 85·C, Vcc = 4.5 V to 5.25 V; R2 = 390 n 
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-25 
·30 
·35 (Comm.) 
·35 (Ind.) 


Symbol 
Parameter 
From 
To 
Min 
Max 
Min 
Max 
Min 
Max 
Min 
Max 
Unns 


tCKP 
Clock Period 
CLK+ 
CLK+ 
33 
40 
47 
57 
ns 
(Minimum tiS + tCKO) 


tCKH 
Clock Width High 
CLK+ 
CLK- 
15 
20 
20 
25 
ns 


tCKL 
Clock Width Low 
CLK- 
CLK+ 
15 
20 
20 
25 
ns 


tARw 
Asynchronous 
Reset 
I±, F± 
I±, F± 
25 
30 
35 
40 
ns 
Pulse Width 


tlH 
Input or Feedback 
Data 
CLK+ 
Input± 
0 
0 
0 
0 
ns 
Hold Time 


tiS 
Input of Feedback 
Data 
I±, F± 
CLK+ 
18 
2 
25 
30 
ns 
Setup Time 


tpo 
Delay from Input to 
I±, F± 
F± 
25 
30 
35 
40 
ns 
Active Output 


tCKO 
Clock High to Output 
CLK+ 
F± 
15 
18 
22 
27 
ns 
Valid Access Time 


tOEl 
Product Term Enable to 
I±, F± 
F± 
25 
30 
35 
40 
Outputs Off 
ns 


tOOl 
Pin 11 Output Disable to 
I±, F± 
F± 
25 
30 
35 
40 
ns 
Outputs Off 


tOO2 
Pin 11 Output Disable 
OE- 
F± 
20 
25 
25 
30 
ns 
High to Outputs Off 


tOE2 
Pin 11 Output Enable to 
OE+ 
F± 
20 
25 
25 
30 
ns 
Active Output 


tARO 
Asynchronous 
Reset 
I±, F± 
F+ 
30 
35 
35 
40 
ns 
Delay 


tARR 
Asynchronous 
Reset 
I±, F± 
CLK+ 
20 
25 
25 
30 
ns 
Recovery Time 


tSPR 
Synchronous 
Preset 
I±, F± 
CLK+ 
20 
25 
25 
30 
ns 
Recovery Time 


tPPR 
Power-Up 
Reset 
Vcc+ 
F+ 
25 
30 
35 
40 
ns 


fMAX 
Maximum 
Frequency 
I/(IIS+ ICKO) 
30 
25 
21 
18 
ns 


• 


Aliiii[ 


Power Up Reset 
In order to facilitate state machine design and testing, a power- 
up reset function 
has been incorporated 
in the ATl8V8Z. 
All 


internal registers will reset to Active-Low 
(logical "0") after a 


specified period of time (tPPR). 


Therefore. 
any OMC that has been configured 
as a registered 


output will always produce 
an Active-High 
on the associated 


output pin because of the inverted output buffer. The internal 
feedback (Q) of a registered 
OMC will also be set Low. The 


programmed 
polarity of OMC will not affect the Active-High 


output condition during a system power-up condition. 


INPUTS 


110, REGISTERED 
FEEDBACK 


I, B 


(INPUTS) 


Note: 
Diagram 
presupposes 
that the outputs 
(F) are enabled 
The reset occurs regardless 
of the output 
condition 
(enabled 
or disabled). 


CLOCK 
1 • 


__ 
'._IcKO=} 


REGISTERED 
OUTPUT 
-------- 
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Register Preload Function (Diagnostic 
Mode Only) 


In order 
to facilitate 
the testing 
of state machine/controller 
To read the data out, Pins I I and 6 must be returned to normal 
designs, a diagnostic mode register preload feature has been in- 
1LL levels. The outputs, Fo-?, must be enabled in order to read 
corporated 
into 
the 
AT18V8Z 
series 
device. 
This 
feature 
data out. The Q outputs of the registers 
will reflect data in as 
enables the user to load the registers with predetermined 
states 
input via Fo-? during preload. Subsequently, 
the register Q out- 
while a super voltage is applied to Pins 11 and 6 (Ig/OE and Is). 
put via the feedback path will reflect the data in as input via Fo-? 
(See diagram for timing and sequence). 
Refer to the voltage waveform 
for timing and voltage refer- 


ences. tPL= 10 ~. 


Is 
(PIN 6) 


,,,, 
---.---- 
,,,, 


IgiOE 
(PIN 
11) 


IoICLK 
(PIN 1) 


Logic Programming 
The ATl8V8Z 
series is fully supported 
by industry 
standard 


(JEDEC 
compatible) 
PLD 
CAD 
tools, 
including 
Signetics 


AMAZE, 
SLICE, 
and 
SNAP 
design 
software 
packages. 
ABEUM 
and 
CUPUM 
design 
packages 
also 
support 
the 


ATl8V8Z 
architecture. 


All packages allow Boolean and state equation entry formats. 
SNAP, ABEL, and CUPL also accept, as input, schematic cap- 
ture format. 


ATl8V8Z 
logic designs can also be generaled 
using the pro- 


gram table entry format, which is detailed 
on the following 


pages. This program table entry format is supported by AMAZE 
and SLICE only. Both AMAZE and SLICE design packages are 
available, free of charge, to qualified users. 


S-x---t--=)D--t>o- 
0, g 


Active Level 


Inverting(1) 


With Logic programming, 
the ANDIOR/Ex-OR 
gate input con- 


nections necessary to implement the desired logic function are 
coded directly from logic equations 
using the Program Table. 


Similarly, 
various OMC configurations 
are implemented 
by 


programming 
the Architecture Control bits AC I and AC2. Note 


that the configuration 
cell is automatically 
programmed 
based 


on the OMC configuration. 


In this table, the logic state of variables I, P, and B associated 
with each Sum Term S is assigned a symbol which results in the 
proper fusing pattern of corresponding 
link pairs, defined as fol- 


lows: 


)D--t>o- 
0, B 
• 
x-:t 


Active Level 


Non-inverting 


"AND" Array 
(I, B) 


I, B 
I, B 
I, B 
I, B 
I, B 
I, B 
I, B 
I, B 


i, B 
i, B 
i, B 
i, B 


Slate 


Don'teare 


Slate 


I. B 


Slate 
i, B 


Note: 
1. A factory-shipped unprogrammed device is configured such that all cells are in a conductive state. 
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Erasure Characteristics 
(For Quartz Window Packages Only) 


The erasure characteristics 
of the ATl8V8Z 
Series devices are 
The recommended 
erasure procedure 
for the ATl8V8Z 
is ex- 
such that erasure begins to occur upon exposure to light with 
posure to shortwave ultraviolet light which has a wavelength of 
wavelengths shorter than approximately 
4000 Angstroms (A). It 
2537 Angstroms (A). The integrated dose (i.e., UV intensity x 
should be noted that sunlight and certain types of fluorescent 
exposure 
time) 
for erasure 
should 
be 
a minimum 
of 
15 
lighting could erase a typical ATl8V8Z 
in approximately 
three 
Wsec/cm2. The erasure time with this dosage is approximately 


years, while it would take approximately 
one week to cause 
30 to 35 minutes 
using an ultraviolet 
lamp 
with a 12,000 
erasure when exposed to direct sunlight. If the ATl8V8Z 
is to 
jJ.W/cm2 power rating. The device should be placed within one 
be exposed 
to these types of lighting conditions 
for extended 
inch of the lamp tubes during erasure. The maximum integrated 
periods of time, opaque labels should be placed over the win- 
dose a CMOS EPLD can be exposed to without damage is 7258 
dow to prevent unintentional 
erasure. 
Wsec/cm2. Exposure of these CMOS EPLDs to high intensity 
UV light for longer periods may cause permanent 
damage. 


Programing 
The AT18V8Z 
is programmable 
on conventional 
programmers 


for 20-pin PAL devices. 


Refer to the following 
charts 
for qualified 
manufacturers 
of 
programmers 
and software tools: 


Programmer 
Manufacturer 
Programmer 
Model 
Family/Pinout 
Codes 


System 29B, LogicPak™ 


303A-Oll 
A; V09 (OIL) 


Data I/O Corporation 
303A-Oll 
B; V04 (PLCC) 


10525 Willows Road, N.E. 
UNISITE 40/48 


P.O. Box 97046 
V2.6 (OIL) 
86/4F 


Redmond, Washington 
98073-9746 
Chipsite (PLCC)-V2.8 


(800) 247-5700 
MODEL 60 


360AOOl (OIL) 
360A006 (PLCC) 


Stag Microsystems, 
Inc. 
ZL30/30A Programmer 


1600 Wyatt Drive, Suite 3 
Rev. 30A34 (OIL) 


Santa Clara, California 
95054 
30AOOl Adaptor (PLCC) 
121205 


(408) 988-1118 
PPZ Programmer 
TBA 


Software 
Manufacturer 
Development 
System 


Signetics Company 
SNAP 
Rev. 1.6 and later 
811 East Arques Avenue 
SLICE 
P.O. Box 3409 
Sunnyvale, 
California 
94088-3409 
Rev. 1.0 and later 


(408) 991-2000 
AMAZE Software 
Rev. 1.8 and later 


Data I/O Corporation 
AB EL™ Software 
10525 Willows Road, N.E. 
P.O. Box 97046 
Redmond, 
Washing10n 
98073-9746 
(800) 247-5700 


Logical Devices, Inc. 
CUPLTMSoftware 
1201 Northwest 
65th Place 
Fort Lauderdale, 
Florida 
33309 
(800) 331-7766 


FROM 
AND 
ARRAY 
+ TO 
ALL 
OMCs 
-----~----------------------------l 
I 
: 
! 
I 


II 


i 
I 
jl 
::>- 
: 
';., 
:: 
! 
: 
I !fPM.!:IX 
= 


L-------------------------------------+------~--t----- 
------__._..-:.-.------------------' 
~ 
~~9~hva 


TO 
ALL 
OMCs 


Note: 
[%1 Denotes a programmable cell location. 
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~tPD vs. OUTPUT CAPACITANCE 
LOADING 
(TYPICAL) 


V 
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./ 
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/' 
" 
/ 
/ 


o 
~ 
~ 
00 
00 100 1~ 
1~ 
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Output Capac~ance Loading (pF) 


tpo 
ts 
tea 
Ordering Code 
Package 
Operation 
Range 
(ns) 
(ns) 
(ns) 


25 
18 
15 
AT18V8Z-25DC 
20DW3 
Commercial 


AT18V8Z-25JC 
20J 
(O°C to 70°C) 


AT18V8Z-25PC 
20P3 


30 
22 
18 
AT18V8Z-30DI 
20DW3 
Industrial 


AT18V8Z-30JI 
20J 
(-40°C to 85°C) 


AT18V8Z-30PI 
20P3 


35 
25 
22 
AT18V8Z-35DC 
20DW3 
Commercial 


AT18V8Z-35JC 
20J 
(O°C to 70°C) 


AT18V8Z-35PC 
20P3 


40 
30 
27 
AT18V8Z-40DI 
20DW3 
Industrial 


AT18V8Z-40JI 
20J 
(-40°C to 85°C) 


AT18V8Z-40PI 
20P3 
• 


Package Type 


20DW3 
20 Lead, 0.300" Wide, Windowed, Ceramic Duallnline Package (Cerdip) 


20J 
20 Lead, Plastic J-Leaded Chip Carrier OTP (PLCC) 


20P3 
20 Lead, 0.300" Wide Plastic Duallnline 
Package OTP (PDIP) 
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Features 


• 
High Speed Programmable Logic Device 
15 ns Max Propagation Delay 
5 V ±10% Operation 
• 
Low Power CMOS Operation 


S 
d 
"L" 
·15 ·20 
All 
Tem 
CIM 
CIM 
Others 
Icc(mA) 
12/15 
90/100 
55 


• 
CMOSand TTL Compatible Inputs and Outputs 
10 ~ 
Leakage Maximum 
• 
Reprogrammable· Tested 100% for Programmability 
• 
High Reliability CMOSTechnology 
2000 V ESD Protection 
200 mA Latchup Immunity 
• 
Full Military, Commercial and Industrial Temperature Ranges 
• 
Dual·ln·L1neand Surface Mount Packages 


12 
Input 
Pins 


Programmable 
Interconnect 
and 
Combinatorial 
Logic Array 


10 
1/0 
Pins 


Logic 
Option 


8 to 16 
Product 
Terms 


(Up to 10 


Flip-Flops) 


Description 


The AT22VlO and AT22VI0L 
are CMOS high performance 
Erasable Programmable 
Logic 
Devices (EPLDs). Speeds down to 15 ns and power dissipation as low as 12 mA are offered. 
All speed ranges are specified over the full 5 V ±10% range. All pins offer a low ±10 ~ 
leakage. 


The AT22VI0L 
provides the optimum low power CMOS EPLD solution, with low DC power 
(8 mA typical) and full CMOS output levels. The AT22VI0L 
significantly reduces total sys- 
tem power and enhances system reliability. 


Full CMOS output levels help reduce power in many other system components. 


The AT22VI0 
and AT22VI0L 
incorporate a variable product term architecture. Each output 
is allocated from eight to 16 product terms, which allows highly complex logic functions to be 
realized. 


Two additional product terms are included to provide synchronous 
preset and asynchronous 
reset. These terms are common to all 10 registers. All registers are automatically 
cleared upon 
power up. 


Register Preload simplifies 
testing. A Security Fuse prevents unauthorized 
copying of pro- 


grammed fuse patterns. 


High Speed 
UV Erasable 
Programmable 
Logic Device 
• 


Pin Name 
Function 


ClK/IN 
Clock and logic Input 


IN 
logic Inputs 


1/0 
Bidirectional Buffers 
. 
No Internal Connection 


VCC 
+5 V Supply 


ClKIIN 
VCC 
"0 


elK/IN 
2. 
v'" 
IN 
IN I • 
"0 
IN 
23 
110 
IN 
22 
110 
IN 
110 
IN 
21 
110 
IN 
110 
IN 
20 
110 
IN 
110 
IN 
" 


110 
22 


IN 
18 
110 
IN 
110 
IN 
11 
110 
IN 
110 
IN 
16 
110 
IN 
110 
IN 
15 
110 
IS 


IN 
" 


110 
GND 
13 
IN 
IN 
110 
IN GND 
IN 
110 
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Absolute Maximum Ratings* 


Temperature 
Under Bias 
-550C to +125°C 


Storage Temperature 
-65°C to +1500C 


Voltage on Any Pin with 
Respect to Ground 
-2.0 V to +7.0 v(1) 


Voltage on Input Pins 
with Respect to Ground 
During Programming 
-2.0 V to +14.0 V(1) 


Programming 
Voltage with 
Respect to Ground 
-2.0 V to +14.0 V{I) 


Integrated UV Erase Dose 
7258 W.sec/cm2 


To 
Output 


From 
Output 


Output Options 


~ 


~ 
Logic 
1/0 
Option 


AlmEL 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Note: 
I. Minimum voltage is -0.6 V dc which may undershoot to -2.0 
V for pulses of less than 20 ns. Maximum output pin voltage 
is Vce-t<l.75V dc which may overshoot to +7.0 V for pulses 
of less than 20 ns. 


To 
Output 


~~~ 
0 


Logic 
1/0 
Option 


Commercial 
AT22V10/L 
Industrial 
AT22V10/L 
Mllhary 
AT22V10/L 
-15, -20, -25, -35 
-15, -20, -25, -35 
-15, -20, -25,-30 


Operating Temperature 
(Case) I 
OOC-70°C 
-40°C - 85°C 
-55°C - 125°C 


Vcc Power Supply 
I 
5 V± 10% 
5 V± 10% 
5 V± 10% 


I 24-Pln DIP 
1 
5 
8 
13 
IIOs 
Vcc(24) 


Mode 
I 28-Pln JLCC 
2 
6 
10 
16 
II0s 
Vcc(28) 


"EPLD" 
X (1) 
X 
X 
X 
110 
5V 


Program 
Vpp 
X /VH 
(2) 
X 
Vpp 
DIN 
6V 


PGM Verify 
Vpp 
XNH 
X 
VIL 
Dour 
6V 


PGM Inhibit 
Vpp 
XNH 
X 
VIH 
HighZ 
6V 


Preload 
X 
X 
VH 
X 
DIN 
5V 


Symbol 
Parameter 
Condition 
Mln 
Typ 
Max 
Units 


III 
Input Load Current 
VIN; 
-0.1 V to Vcc+1 V 
10 
~ 


ILO 
Output Leakage Current 
VOUT; -0.1 V to Vcc+0.1 
V 
10 
~ 


AT22V10-15,-20 
Com. 
90 
mA 


Vcc; 
MAX, 
Ind., Mil. 
100 
mA 


Icc 
Power Supply Current 
VIN; 
GND, 
AT22V10-25,-3S2) 
55 
mA 


Outputs Open 
Com. 
1.7 
12 
mA 
AT22V10L(2) 
Ind., Mil. 
2.0 
15 
mA 


Clocked Power Supply 
f; 1 MHz, Vcc; 
MAX, AT22V10L(2) 
Com. 
15 
mA 
ICC2 
Current 
Outputs Open 
Ind., Mil. 
20 
mA 


los(1) 
Output Short Circuit 
VOUT; 0.5 V 
-90 
mA 
Current 


VIL 
Input Low Voltage 
-0.6 
0.8 
V 


VIH 
Input High Voltage 
2.0 
Vcc+0.75 
V 


IOL; 16 mA 
Com.,lnd. 
0.5 
V 


VOL 
Output Low Voltage 
VIN ; VIH or VIL. 
IOL; 
12 mA 
Mil. 
0.5 
V 
Vcc; 
MIN 
IOL; 24 mA 
Com. 
0.8 
V 


VIN;VIH or VIL, 
IOH; -100~ 
Vcc-0.3 
V 
VOH 
Output High Voltage 
Vcc;MIN 
IOH; -4.0 mA 
2.4 
V• 


Notes: 
1. Not more than one output at a time should be shorted. 
Duration of short circuit test should not exceed 30 sec. 


AT22V1D-15 
AT22V10/L-20 
AT22V10/L-25 
AT22V10/L·35 


Symbol 
Parameter 
Min 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max Units 


tpo 
Input or Feedback to 
10 
15 
12 
20 
15 
25 
20 
35 
ns 
Non-Registered 
Output 


tEA 
Input to Output Enable 
10 
15 
20 
15 
25 
20 
35 
ns 


tER 
Input to Output Disable 
10 
15 
20 
15 
25 
20 
35 
ns 


tCF 
Clock to Feedback 
0 
1 
2.5 
0 
4 
8 
0 
5 
10 
0 
10 
15 
ns 


tco 
Clock to Output 
0 
7 
10 
0 
8 
12 
0 
10 
15 
0 
12 
20 
ns 


ts 
Input or Feedback 
10 
8 
12 
8 
15 
12 
20 
15 
ns 
Setup Time 


tH 
Hold Time 
0 
0 
0 
0 
ns 


tp 
Clock Period 
12 
20 
24 
30 
ns 


tw 
Clock Width 
6 
10 
12 
15 
ns 


External Feedback 1/(ts+tco) 
50.0 
41.6 
33.3 
25.0 
MHz 


FMA)( 
I~}~rnal~~baCk 
80.0 
50.0 
40.0 
28.5 
MHz 
1/ ts+ tCF 
No Feedback 1/(tp) 
83.3 
50.0 
41.6 
33.3 
MHz 


tAW 
Asynchronous 
Reset Width 
15 
8 
20 
9 
25 
10 
30 
15 
ns 


Asynchronous 
Reset, 
tAR 
Synchronous 
Preset, 
15 
8 
20 
12 
25 
15 
30 
18 
ns 


Recovery Time 


tAP 
Asynchronous 
Reset to 
12 
20 
15 
22 
18 
25 
20 
30 
ns 
Registered Output Reset 


INPUTS,VO 
REG. FEEDBACK 
SYNCH. 
P 
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AT22V1o-15 
AT22V10/L-20 
AT22V10/L-25 
AT22V10/L-30 


Symbol 
Parameter 
Min 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max 
Units 


tPD 
Input or Feedback to 
10 
15 
12 
20 
15 
25 
20 
30 
ns 
Non-Registered 
Output 


tEA 
Input to Output Enable 
10 
15 
20 
15 
25 
20 
30 
ns 


tER 
Input to Output Disable 
10 
15 
20 
15 
25 
20 
30 
ns 


tCF 
Clock to Feedback 
0 
1 
2.5 
0 
4 
8 
0 
5 
10 
0 
10 
15 
ns 


tco 
Clock to Output 
0 
7 
10 
0 
8 
15 
0 
10 
15 
0 
12 
20 
ns 


tSF 
Feedback Setup Time 
10 
8 
12 
10 
15 
12 
18 
15 
ns 


ts 
Input Setup Time 
10 
8 
17 
14 
18 
15 
20 
15 
ns 


tH 
Hold Time 
0 
0 
0 
0 
ns 


tp 
Clock Period 
12 
20 
24 
30 
ns 


tw 
Clock Width 
6 
10 
12 
15 
ns 


External Feedback 1/(ts+tco) 
50.0 
31.2 
30.3 
25.0 
MHz 


FMAX 
Internal Feedback 1/(ts + tCF) 
80.0 
50.0 
40.0 
30.0 
MHz 


No Feedback 1/(tp) 
83.3 
50.0 
41.6 
33.3 
MHz 


lAw 
Asynchronous 
Reset Width 
15 
8 
20 
9 
25 
10 
30 
15 
ns 


IAR 
Asynchronous 
Reset 
15 
8 
20 
12 
25 
15 
30 
18 
ns 
Recovery Time 


tAP 
Asynchronous 
Reset to 
12 
20 
15 
22 
18 
25 
20 
30 
ns 
Registered Output Reset 


Input Test Waveforms and 
Measurement 
Levels 


< 


3.0V 
AC 
DRIVING 
LEVELS 
O.OV 


Output Test Loads: 
Commercial 
5.0V 


R1=250 n41 
OUTPUT 
PIN 


R2=167 
n 
:& CL=50pF 


5.0V 


R1=338nl1 
OUTPUT 


PIN 


R2=248 
n 
:& CL=50pF 


AC 
MEASUREMENT 
LEVEL 


INPUT UNES 


0 
~ 
,8 
, 
12 
, 
18 
20 
2' 
28 
32 
38 
40 


AR 
ASYNCH 
OE0 
E>- 


~ 
7 


OE 
0 
~±r 
~ 


001- 


~IC 
- . 


OE 
0 


~~ 
~ 


001- 


~IC 


_11 


OE 
0 


~~ 
)14 
}- 


001- 


PlIT 


~OO~ 


13 
- 


OE 
0 


~~ 
)16>- 


001- 


PlITt~ 


15 


I 
I 
I 
T 
L- 


OE 
0 


-~ 


001- 


}16}- 
PlIT 


~OO~ 


15 
- 
L- 


OE 
0 


~~ 


001- 


)14 }- 
~~ 


13 
'-- 


OE 
0 


~ 


}12}-- 
001- 


PlIT 


~11 


~OO~ 


OE 
'-- 


0 


-~ 
} 10')- 


001- 


PlIT 
LOO~ 
• 
- - 


OE 
0 
00;::- 


~ 


)8')- 
PUT 
LOO~ 


~ 
7 


~ 
5P 
I 
SYNCHRO 


Alii[ 


AONOUS 
RESET 
~~ 
(23.27) 


• 


-tD 
tD 
tD 
tD 
tD- 
tOMIN 
VH 


~ 


ERED 
5 
OUTPUT 
PRELOAD ENA. 
FORCEIIO'S 
PRELOAD DATA 
VOLTAGE 
PRELOAD 
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Preload of Registered Outputs 


The registers 
in the AT22VI0 
and AT22VI0L 
are provided 
with circuitry to allow loading of each register asynchronously 
with either a high or a low. This feature will simplify testing 
since any state can be forced into the registers to control test 
sequencing. 
A Vrn level on the VO pin will force the register 
high; a VII..will force it low, independent of the polarity bit (CO) 
setting. The PRELOAD 
state is entered by placing an 11 V to 
14 V signal on pin 8 on DIPs, and pin 10 on SMPs. When the 
clock pin is pulsed high, the data on the VO pins is placed into 
the ten registers. 


Power Up Reset 


The registers in the AT22VlO and AT22VlOL are designed to 
reset during power up. 
At a point delayed slightly from Vcc 
crossing 3.8 V, all registers will be reset to the low state. 
The 
output state will depend on the polarity of the output buffer. 


This feature is critical for state machine initialization. 
How- 
ever, due to the asynchronous 
nature of reset and the uncertainty 
of how Vcc actually rises in the system, the following condi- 
tions are required: 


1) The Vcc rise must be monotonic, 


2) After reset occurs, all input and feedback setup times must 
be met before driving the clock pin high, and 


3) The clock must remain stable during !PR. 


Level forced on 
registered output pin 
Register state 
during PRELOAD cycle. 
After Cycle 


VIH 
High 


VIL 
Low 


~ 


.8V 


POWER 
_ 


- 
tPR=)tS 
REGISTERED 
OUTPU_T_S_________ 
tSl 


CLOCK -----\-\C 
tW_---y- 


Description 


I 
Power-Up 
Reset Time 


Typ 
Max 
Unns 
Conditions 


CIN 
5 
8 
pF 
VIN = 0 V 


COUT 
6 
8 
pF 
VOUT= 
0 V 


The entire fuse array of an AT22VlO or AT22VlOL 
is erased 
after exposure 
to ultraviolet 
light at a wavelength 
of 2537 A. 


Complete erasure is assured after a minimum of 20 minutes ex- 
posure using 12,000 v-W/cm2 intensity lamps spaced one inch 
away from the chip. Minimum erase time for lamps at other in- 


tensity ratings can be calculated 
from the minimum integrated 
erasure dose of 15 W.sec/cm2. 
To prevent unintentional 
era- 
sure, an opaque label is recommended 
to cover the clear window 
on any UV erasable EPLD which will be subjected to continu- 
ous fluorescent indoor lighting or sunlight. 


I 
c.a+---t---t-----1f---t----i 
c 


0+---+---+---1----1----1 
o 
w 
ro 
~ 
.a 
~ 
Frequency (MHz) 


NORMALIZED SUPPLY CURRENT 


VS. SUPPLY VOLTAGE 


N 
1.4 


•r 
m 
1.2 
•I 
I 
•• 
d 


OUTPUT SINK CURRENT 


YS. SUPPLY 
VOLTAGE 
(VOL = 0.5V) 


o 
u 
33 
t 
Pu 
32 
t 


C 
31 
u (mAl 


r 
~ 
r 


• 
211 
n 
I 


o 
u 
t 


P 
u 
-15 


t 
(mAl 


C 
u 
r 
.~ 
r• 
n 


t 
-45 
'.0 
5.0 
Supply Voltage (V) 


I 
C 
.a 


C 


NORMALIZED ICC VS. AMBIENT TEMP. 


1= 30 MHz 


N• 


~ 
1.2 


•I 
I••d 


90 


(mAl 
C 
60 


U 
t 
·10 


P 
u 
·ro 
t 


.~ 


~(mA) 


r 
-40 


r.. ~ 
n 
I 
-eo 


o 
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NORMALIZED TPD 


VS. SUPPLY VOLTAGE 


NORMALIZED TPD 


VS. TEMPERATURE 


N 
1.3 
o, 
m 
1.2· 
I 


I 
1.1 
z· 
d 


N 
1.5 
o, 


m 
1.3 


•I 


I 
1.1 


-25 
5 
35 
65 
95 


Ambient Temperature (C) 


T 
P 
D 
0.9 
4.0 
4.5 
5.0 
5.5 


Supply Voltage (V) 


NORMALIZED TCO 


VS. SUPPLY VOLTAGE 


NORMALIZED TCO 


VS. TEMPERATURE 


N 
1.2 
o, 


m 


• 
1.1 
I 
I 
z•d 
1.0 


N 
1.5 
o, 


m 


• 
1.3 
I 
I 
z· 
d 
1.1 


T 
C 
o 
0.9 


4.0 


T 
C 
o 
0.9 


-55 


NORMALIZED TS 


VS. SUPPLY VOLTAGE 


NORMALIZED TS 


VS. TEMPERATURE 


N 
o 
, 
1.1 


m 


~ 
1.0 
I 
z 
0.9 
• 
d 


DELTA 
TPD 
VS. OUTPUT 
LOADING 


(VCC - 4.5V, OUTPUT 
LOAD = COMMERCIAL) 


12 


DELTA Teo 
vs. OUTPUT 
LOADING 


( VCC = 4.5V, OUTPUT 
LOAD _ COMMERCIAL) 


12 


100 
200 
300 
.we 


Output 
Load (jig included) 
Capac~ance 
pF 


.. 


o 
100 
200 
300 
400 


Output 
Load (jig included) 
Capac~ance 
pF 


tpo 
ts 
tco 
Ordering Code 
Package 
Operation 
Range 
(ns) 
(ns) 
(ns) 


15 
10 
10 
AT22V10-150C 
240W3 
Commercial 


AT22V10-15FC 
24C 
(O°C to 70°C) 


AT22V10-15GC 
2403 
AT22V10-15JC 
28J 
AT22V10-15KC 
28KW 
AT22V10-15LC 
28LW 
AT22V10-15NC 
28L 
AT22V10-15PC 
24P3 
AT22V10-155C 
245 
AT22V1 0-15YC 
24CW 


AT22V10-1501 
240W3 
Industrial 


AT22V10-15FI 
24C 
(-40°C to 85°C) 


AT22V10-15GI 
2403 
AT22V10-15JI 
28J 
AT22V1 0-15KI 
28KW 
AT22V10-15L1 
28LW 
AT22V10-15NI 
28L 
AT22V10-15PI 
24P3 
AT22V10-1551 
245 
AT22V10-15YI 
24CW 


AT22V10-150M 
240W3 
Military 


AT22V10-15FM 
24C 
(-55°C to 125°C) 


AT22V10-15GM 
2403 
AT22V10-15KM 
28KW 
AT22V1 0-15LM 
28LW 
AT22V10-15NM 
28L 
AT22V10-15YM 
24CW 


AT22V10-150M/883 
240W3 
Military/883C 


AT22V10·15FM/883 
24C 
(-55°C to 125°C) 


AT22V10-15GM/883 
2403 
Class B, FUlly Compliant 


AT22V10-15KM/883 
28KW 
AT22V10-15LM/883 
28LW 
AT22V10-15NM/883 
28L 
AT22V10-15YM/883 
24CW 


20 
12 
15 
AT22V10-200C 
240W3 
Commercial 


AT22V10-20FC 
24C 
(O°C to 70°C) 


AT22V10-20GC 
2403 
AT22V1 0-20JC 
28J 
AT22V10-20KC 
28KW 
AT22V10-20LC 
28LW 
AT22V10-20NC 
28L 
AT22V10-20PC 
24P3 
AT22V10-205C 
245 
AT22V10-20YC 
24CW 


• 


AlmEL 


tpo 
ts 
tco 
Ordering Code 
Package 
Operation Range 
(ns) 
(ns) 
(ns) 


20 
12 
15 
AT22V10-2001 
240W3 
Industrial 


AT22V10-20FI 
. 
24C 
(-40°C to 85°C) 


AT22V10-20GI 
2403 
AT22V10-20JI 
28J 
AT22V10-20KI 
28KW 
AT22V10-20Ll 
28LW 
AT22V10-20NI 
28L 
AT22V10-20PI 
24P3 
AT22V10-2081 
248 
AT22V10-20YI 
24CW 


20 
17 
15 
AT22V10-200M 
240W3 
Military 


AT22V10-20FM 
24C 
(-55°C to 125°C) 


AT22V10-20GM 
2403 
AT22V10-20KM 
28KW 
AT22V10-20LM 
28LW 
AT22V10-20NM 
28L 
AT22V10-20YM 
24CW 


AT22V10-200M/883 
240W3 
Military/883C 


AT22V10-20FM/883 
24C 
(-55°C to 125°C) 


AT22V10-20GM/883 
2403 
Class B, Fully Compliant 


AT22V1 0-20KM/883 
28KW 
AT22V10-20LM/883 
28LW 
AT22V10-20NM/883 
28L 
AT22V10-20YM/883 
24CW 


25 
15 
15 
AT22V10-250C 
240W3 
Commercial 


AT22V10-25FC 
24C 
(O°C to 70°C) 


AT22V10-25GC 
2403 
AT22V10-25JC 
28J 
AT22V10-25KC 
• 
28KW 


- 
AT22V10-25LC 
28LW 
AT22V10-25NC 
28L 
AT22V10-25PC 
24P3 
AT22V10-258C 
248 
AT22V10-25YC 
24CW 


AT22V10-2501 
240W3 
Industrial 


AT22V10-25FI 
24C 
(-40°C to 85°C) 


AT22V10-25GI 
2403 
AT22V10-25JI 
28J 
AT22V10-25KI 
28KW 
AT22V10-25L1 
28LW 
AT22V10-25NI 
28L 
AT22V10-25PI 
24P3 
AT22V10-2581 
248 
AT22V10-25YI 
24CW 


tPD 
ts 
tea 
Ordering Code 
Package 
Operation 
Range 
(ns) 
(ns) 
(ns) 


25 
18 
15 
AT22V10-250M 
240W3 
Military 


AT22V10-25FM 
24C 
(-55°C to 125°C) 


AT22V10-25GM 
2403 
AT22V10-25KM 
28KW 
AT22V10-25LM 
28LW 
AT22V10-25NM 
28L 
AT22V10-25YM 
24CW 


AT22V10-250M/883 
240W3 
Military/883C 
AT22V10-25FM/883 
24C 
(-55°C to 125°C) 


AT22V1 0-25GM/883 
2403 
Class B, Fully Compliant 
AT22V10-25KM/883 
28KW 
AT22V10-25LM/883 
28LW 
AT22V10-25NM/883 
28L 
AT22V10-25YM/883 
24CW 


30 
20 
20 
AT22V10-300M 
240W3 
Military 


AT22V10-30FM 
24C 
(-55°C to 125°C) 


AT22V10-30GM 
2803 
AT22V10-30KM 
28KW 
AT22V10-30LM 
28LW 
AT22V10-30NM 
28L 
AT22V10-30YM 
24CW 


AT22V10-300M/883 
240W3 
Military/883C 
AT22V10-30FM/883 
24C 
(-55°C to 125°C) 


AT22V10-30GM/883 
2403 
Class B, Fully Compliant 


AT22V10-30KM/883 
28KW 
AT22V10-30LM/883 
28LW 
AT22V10-30NM/883 
28L 
AT22V10-30YM/883 
24CW 


35 
25 
25 
AT22V10-350C 
240W3 
Commercial 
AT22V10-35FC 
24C 
(O°C to 70°C) 


AT22V1 0-35GC 
2403 
AT22V1 0-35JC 
28J 
AT22V10-35KC 
28KW 
AT22V10-35LC 
28LW 
AT22V10-35NC 
28L 
AT22V10-35PC 
24P3 
AT22V10-358C 
248 
AT22V10-35YC 
24CW 


AT22V10-3501 
240W3 
Industrial 


AT22V10-35FI 
24C 
(-40°C to 85°C) 


AT22V10-35GI 
2403 
AT22V10-35JI 
28J 
AT22V10-35KI 
28KW 
AT22V10-35L1 
28LW 
, 


AT22V10-35NI 
28L 
AT22V10-35PI 
24P3 
AT22V1 0-3581 
248 
AT22V10-35YI 
24CW 


• 
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tpo 
Is 
tco 
Ordering Code 
Package 
Operation 
Range 
(ns) 
(ns) 
(ns) 


20 
17 
15 
5962-87539 
04 LX 
240W3 
Military/883C 


5962-87539 
043X 
28LW 
(-55°C to 125°C) 


Class B, Fully Compliant 


25 
18 
15 
5962-87539 
01 KX 
24CW 
Military/883C 


5962-87539 
01 LX 
240W3 
(-55°C to 125°C) 


5962-87539 
01 3X 
28LW 
Class B, Fully Compliant 


30 
20 
20 
5962-87539 
02 KX 
24CW 
Military/883C 


5962-87539 
02 LX 
240W3 
(-55°C to 125°C) 


5962-87539 
02 3X 
28LW 
Class B, Fully Compliant 


40 
30 
25 
5962-87539 
03 KX 
24CW 
Military/883C 


5962-87539 
03 LX 
240W3 
(-55°C to 125°C) 


5962-87539 
03 3X 
28LW 
Class B, Fully Compliant 


15 
10 
10 
5962-88670 
05 LX 
2403 
Military/883C 


5962-88670 
05 3X 
28L 
(-55°C to 125°C) 


Class B, Fully Compliant 


20 
17 
15 
5962-88670 
04 KX 
24C 
Military/883C 


5962-88670 
04 LX 
2403 
(-55°C to 125°C) 


5962-88670 
04 3X 
28L 
Class B, Fully Compliant 


25 
18 
15 
5962-88670 
01 KX 
24C 
Military/883C 


5962-88670 
01 LX 
2403 
(-55°C to 125°C) 


5962-88670 
01 3X 
28L 
Class B, Fully Compliant 


30 
20 
20 
5962-88670 
02 KX 
24C 
Military/883C 


5962-88670 
02 LX 
2403 
(-55°C to 125°C) 


5962-88670 
02 3X 
28L 
Class B, Fully Compliant 


40 
30 
25 
5962-88670 
03 KX 
24C 
Military/883C 


5962-88670 
03 LX 
2403 
(-55°C to 125°C) 


5962-88670 
03 3X 
28L 
Class B, Fully Compliant 


Package Type 


240W3 
24 Lead, 0.300· Wide, Windowed, Ceramic Ouallnline Package (Cerdip) 


24C 
24 Lead, Non-Windowed, Ceramic Flat Package (Cerpack) 


2403 
24 Lead, 0.300· Wide, Non-Windowed (alP), 
Ceramic Duallnline 
Package (Cerdip) 


28J 
28 Lead, Plastic J-Leaded Chip Carrier alP 
(PLCC) 


28KW 
28 Lead, Windowed, Ceramic J-Leaded Chip Carrier (JLCC) 


28LW 
28 Pad, Windowed, Ceramic Leadless Chip Carrier (LCC) 


28L 
28 Pad, Non-Windowed, Ceramic Leadless Chip Carrier alP 
(LCC) 


24P3 
24 Lead, 0.300· Wide, Plastic Ouallnline Package alP 
(PDIP) 


245 
24 Lead, 0.300· Wide, Plastic Gull Wing Small Outline alP 
(SOIC) 


24CW 
24 Lead, Windowed, Ceramic Flat Package (Cerpack) 


tpo 
ts 
tco 
Ordering Code 
Package 
Operation Range 
(ns) 
(ns) 
(ns) 


20 
12 
15 
AT22V10L-20DC 
24DW3 
Commercial 


AT22V10L-20FC 
24C 
WC 
to 70°C) 


AT22V1 OL-20GC 
24D3 
AT22V10L-20JC 
28J 
, 


AT22V10L-20KC 
28KW 
AT22V1 OL-20LC 
28LW 
AT22V1 OL-20NC 
28L 


AT22V10L-20PC 
24P3 
AT22V1 OL-208C 
248 
AT22V10L-20YC 
24CW 


AT22V10L-20DI 
24DW3 
Industrial 
, 
AT22V10L-20FI 
24C 
(-40°C to 85°C) 


AT22V1 OL-20GI 
24D3 
AT22V1 OL-20J I 
28J 
AT22V1 OL-20KI 
28KW 
AT22V10L-20Ll 
28LW 
AT22V10L-20NI 
28L 
AT22V10L-20PI 
24P3 
AT22V10L-2081 
248 
AT22V1 OL-20YI 
24CW 


20 
17 
15 
AT22V10L-20DM 
24DW3 
Military 


AT22V10L-20FM 
24C 
(-55°C to 125°C) 


AT22V10L-20GM 
24D3 
AT22V1 OL-20KM 
28KW 
AT22V1 OL-20LM 
28LW 
AT22V10L-20NM 
28L 
AT22V1 OL-20YM 
24CW 


AT22V10L-20DM/883 
24DW3 
Military/883C 


AT22V1 OL-20FM/883 
. 
24C 
(-55°C to 125°C) 


AT22V10L-20GM/883 
24D3 
Class B. Fully Compliant 


AT22V1 OL-20KM/883 
28KW 
AT22V10L-20LM/883 
28LW 
AT22V1 OL-20NM/883 
28L 
AT22V1 OL-20YM/883 
24CW 


25 
15 
15 
AT22V10L-25DC 
24DW3 
Commercial 


AT22V10L-25FC 
24C 
(O°C to 70°C) 


AT22V10L-25GC 
24D3 
AT22V10L-25JC 
28J 
AT22V10L-25KC 
28KW 
AT22V10L-25LC 
28LW 
AT22V10L-25NC 
28L 
AT22V10L-25PC 
24P3 
AT22V1 OL-258C 
248 
AT22V10L-25YC 
24CW 
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tpo 
ts 
teo 


Ordering Code 
Package 
Operation 
Range 
(ns) 
(ns) 
(ns) 


25 
15 
15 
AT2.2V10L-2501 
240W3 
Industrial 


AT22V10L-25FI 
24C 
(-40°C to 85°C) 


AT22V10L-25GI 
2403 
AT22V10L-25JI 
28J 
AT22V1 OL-25KI 
28KW 
AT22V10L-25L1 
28LW 
AT22V1 OL-25N I 
28L 
AT22V10L-25PI 
24P3 
AT22V1 OL-2551 
245 
AT22V10L-25YI 
24CW 


25 
18 
15 
AT22V10L-250M 
240W3 
Military 


AT22V10L-25FM 
24C 
(-55°C to 125°C) 


AT22V1 OL-25GM 
2403 
AT22V1 OL-25KM 
28KW 
AT22V10L-25LM 
28LW 
AT22V10L-25NM 
28L 
AT22V1 OL-25YM 
24CW 


AT22V10L-250M/883 
240W3 
Military/883C 


AT22V10L-25FM/883 
24C 
(-55°C to 125°C) 
AT22V10L-25GM/883 
2403 
Class B, Fully Compliant 


AT22V10L-25KM/883 
28KW 
AT22V10L-25LM/883 
28LW 
AT22V10L-25NM/883 
28L 
AT22V10L-25YM/883 
24CW 


30 
20 
20 
AT22V1 OL-300M 
240W3 
Military 


AT22V10L-30FM 
24C 
(-55°C to 125°C) 


AT22V1 OL-30GM 
2403 
AT22V10L-30KM 
28KW 
AT22V10L-30LM 
28LW 


AT22V1 OL-30NM 
28L 
AT22V1 OL-30YM 
24CW 


AT22V10L-300M/883 
240W3 
Military/883C 
AT22V10L-30FM/883 
24C 
(-55°C to 125°C) 


AT22V10L-30GM/883 
2403 
Class B, Fully Compliant 


AT22V1 OL-30KM/883 
28KW 
AT22V1 OL-30LM/883 
28LW 
AT22V10L-30NM/883 
28L 
AT22V10L-30YM/883 
24CW 


35 
25 
25 
AT22V10L-350C 
240W3 
Commercial 


AT22V10L-35FC 
24C 
(O°C to 70°C) 


AT22V1 OL-35GC 
2403 
AT22V10L-35JC 
28J 


AT22V10L-35KC 
28KW 
AT22V10L-35LC 
28LW 


AT22V1 OL-35NC 
28L 


AT22V10L-35PC 
24P3 


AT22V10L-355C 
245 


AT22V10L-35YC 
24CW 


r enng n ormation 


tPD 
t5 
tea 
Ordering Code 
Package 
Operation 
Range 
(ns) 
(ns) 
(ns) 


35 
25 
15 
AT22V10L-35DI 
24DW3 
Industrial 


AT22V10L-35FI 
24C 
(-40°C to 85°C) 


AT22V10L-35GI 
24D3 
AT22V10L-35JI 
28J 
AT22V10L-35KI 
28KW 
AT22V10L-35L1 
28LW 
AT22V10L-35NI 
28L 
AT22V1 OL-35PI 
24P3 
AT22V1 OL-3551 
245 
AT22V10L-35YI 
24CW 


20 
17 
15 
5962-88724 
04 KX 
24CW 
Military/883C 


5962-88724 
04 LX 
24DW3 
(-55°C to 125°C) 


5962-88724 
04 3X 
28LW 
Class B, Fully Compliant 


25 
18 
15 
5962-88724 
01 KX 
24CW 
Military/883C 


5962-88724 
01 LX 
24DW3 
(-55°C to 125°C) 


5962-88724 
01 3X 
28LW 
Class B, Fully Compliant 


30 
20 
20 
5962-88724 
02 KX 
24CW 
Military/883C 


5962-88724 
02 LX 
24DW3 
(-55°C to 125°C) 


5962-88724 
02 3X 
28LW 
Class B, Fully Compliant 


40 
30 
25 
5962-88724 
03 KX 
24CW 
Military/883C 


5962-88724 
03 LX 
24DW3 
(-55°C to 125°C) 


5962-88724 
03 3X 
28LW 
Class B, Fully Compliant 


20 
17 
15 
5962-89755 
04 KX 
24C 
Military/883C 


5962-89755 
04 LX 
24D3 
(-55°C to 125°C) 


5962-89755 
04 3X 
28L 
Class B, Fully Compliant 


25 
18 
15 
5962-89755 
01 KX 
24C 
Military/883C 


5962-89755 
01 LX 
24D3 
(-55°C to 125°C) 


5962-89755 
01 3X 
28L 
Class B, Fully Compliant 


30 
20 
20 
5962-89755 
02 KX 
24C 
Military/883C 


5962-89755 
02 LX 
24D3 
(-55°C to 125°C) 


5962-89755 
02 3X 
28L 
Class B, Fully Compliant 


40 
30 
25 
5962-89755 
03 KX 
24C 
Military/883C 


5962-89755 
03 LX 
24D3 
(-55°C to 125°C) 


5962-89755 
03 3X 
28L 
Class B, Fully Compliant 


• 


Package 
Type 


240W3 
24 Lead, 0.300· Wide, Windowed, Ceramic Duallnline 
Package (Cerdip) 


24C 
24 Lead, Non-Windowed, Ceramic Flat Package (Cerpack) 


2403 
24 Lead, 0.300· Wide, Non-Windowed (OTP), Ceramic Duallnline 
Package (Cerdip) 


28J 
28 Lead, Plastic J-Leaded Chip Carrier OTP (PLCC) 


28KW 
28 Lead, Windowed, Ceramic J-Leaded Chip Carrier (JLCC) 


28LW 
28 Pad, Windowed, Ceramic Leadless Chip Carrier (LCC) 


28L 
28 Pad, Non-Windowed, Ceramic Leadless Chip Carrier OTP (LCC) 


24P3 
24 Lead, 0.300· Wide, Plastic Dual Inline Package OTP (PDIP) 


245 
24 Lead, 0.300· Wide, Plastic Gull Wing Small Outline OTP (SOIC) 


24CW 
24 Lead, Windowed, Ceramic Flat Package (Cerpack) 


AlmlL 


Features 


• 
High Performance 
Programmable 
Logic Device 
7.5 ns Max Propagation 
Delay 
Up to 166 MHz Operation 
5 V ± 10% Operation 
• 
Fully Compatible 
with Standard 22V10 
Identical FunctlonalltylFuse-Map 
• 
CMOS and TTL Compatible 
Inputs and Outputs 
10 JlA Leakage Maximum 
• 
Reprogrammable 
- Tested 100% for Programmability 
• 
High Reliability 
Proven UV Erasable CMOS Technology 
2000 V ESD Protection 
• 
Full Military, Commercial 
and Industrial Temperature 
Ranges 
• 
Dual-ln·L1ne and Surface Mount Packages with Standard Pinouts 


Programmable 
12 
Interconnect 
Input 
and 
Pins 
Combinatorial 
Logic Array 


10 


1/0 
Pins 


Logic 
Option 


8to 16 
Product 
Terms 


(Up to 10 


Flip-Flops) 


Description 


The AT22VlOB 
is an ultra-high performance 
CMOS Erasable Programmable 
Logic Device 
(EPLD). Speeds down to 7.5 nsand operation up to 166 MHz are offered. 
All pins offer a low 
± lO JlA leakage. 


The AT22VlOB logic functionality 
is fully compatible with the standard 22V10. The 12 ded- 
icated inputs and ten configurable 
I/O pins allow implementation 
of logic requiring up to 22 
input signals. The AT22VIOB also provides individual output enable product terms for each 
of the ten l/Os. 


CLKIIN 
vcc 
vo 


elK/IN 
1 
" 
V'" 
IN 
IN I . 
vo 
IN 
2 
23 
110 
IN 
3 
22 
110 
IN 
110 
IN 
• 
21 
110 
IN 
110 
IN 
S 
20 
110 
IN 
110 


IN 
• 
,. 
110 
22 


IN 
7 
18 
110 
IN 
110 


IN 
8 
17 
110 
IN 
110 


IN 
• 
16 
110 
IN 
110 


IN 
10 
15 
110 
1S 


IN 
11 
" 
110 
OND 
12 
13 
IN 
IN 
110 
IN GND 
IN 
110 


Pin Name 
Function 


CLK/IN 
Clock and Logic Input 


IN 
Logic Inputs 


1/0 
Bidirectional Buffers 
. 
No Internal Connection 


VCC 
+5 V Supply 


High Speed 
UV Erasable 
Programmable 
Logic Device 
• 
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Description 
(Continued) 


The AT22V lOB incorporates 
a variable product term architec- 


ture. Each output is allocated 
from eight to 16 product terms, 
which allows highly complex logic functions to be realized. 


The AT22VIOB 
includes two additional product terms to pro- 


vide synchronous 
preset and asynchronous 
reset. These terms 


Temperature 
Under Bias 
-55°C to +125°C 


Storage Temperature 
-65°C to +1500C 


Voltage on Any Pin with 
Respect to Ground 
-2.0 V to +7.0 v(1) 


Voltage on Input Pins 
with Respect to Ground 
During Programming 
-2.0 V to +14.0 V(1) 


Programming 
Voltage with 


Respect to Ground 
-2.0 V to +14.0 V(l) 


Integrated UV Erase Dose 
7258 W.sec/cm2 


To 
Output 


From 
OUlput 


~ 


~ 
Logic 
1/0 
Option 


are common to all ten registers. AU registers are automaticaUy 
cleared upon power up. 


Register Preload simplifies 
testing. A Security Fuse prevents 


unauthorized 
copying of programmed 
fuse patterns. 


*NOTlCE: Stresses beyond those listed under "Absolute Maxi- 


mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Note: 
1. Minimwn voltage is -0.6 V dc which may undershoot to -2.0 


V for pulses of less than 20 ns. Maximum output pin voltage 
is Vcc+O.75 V dc which may overshoot to +7.0 V for pulses 
of less than 20 ns. 


To 
Output 


~~~ 
0 


Logic 
Option 


Commercial 
Commercial 
Industrial 
Military 


AT22V10B 
AT22V10B 
AT22V10B 
AT22V10B 


-7 
·10, ·12 
-10, ·12 
·10, ·12 


Operating Temperature 
(Case) 
I 
OOC-70°C 
OOC-70°C 
-40°C - 85°C 
-55°C - 125°C 


Vee Power Supply 
I 
5V±5% 
5V±10% 
5V±10% 
5V±10% 


!24-Pln 
DIP 
1 
5 
8 
13 
110's 
Vcc(24) 


Mode 
I 28- Pin JLCC 
2 
6 
10 
16 
1I0's 
Vcc(28) 


"EPLD" 
X(1) 
X 
X 
X 
I/O 
5V 


Program 
Vpp 
X /VH 
(2) 
X 
Vpp 
DIN 
6V 


PGM Verify 
Vpp 
XNH 
X 
VIL 
DOUT 
6V 


PGM Inhibit 
Vpp 
XNH 
X 
VIH 
HighZ 
6V 


Preload 


,. 


X 
X 
VH 
X 
DIN 
5V • 


Symbol 
Parameter 
Condition 
Mln 
Max 
Units 


III 
Input Load Current 
VIN = -0.1 V to Vee+1 V 
10 
l!A 


ILO 
Output Leakage Current 
VOUT=-0.1 
VtoVee+0.1 
V 
10 
l!A 


Vee= 
MAX, 
Com. 
140 
mA 
Ice 
Power Supply Current 
VIN = GND, 
Ind., Mil. 
160 
mA 
Outputs Open 


IOS(l) 
OUtput Short Circuit Current 
VOUT= 0.5 V 
-30 
-120 
mA 


VIL 
Input Low Voltage 
-0.6 
0.8 
V 


VIH 
Input High Voltage 
2.0 
Vcc+O.75 
V 


IOL= 
16mA 
Com.,lnd. 
0.5 
V 


VOL 
Output Low Voltage 
VIN = VIH or VIL, 
IOL= 12 mA 
Mil. 
0.5 
V 
Vee = MIN 
IOL= 24 mA 
Com. 
0.8 
V 


VOH 
Output High Voltage 
VIN = VIH or VIL. 
IOH= -4.0 mA 
2.4 
V 
Vee = MIN 
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INPUTS,VQ 
REG. FEEDBACK 


SYNCH. 
PR 
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AT22V10B·7 
AT22V10B-10 
AT22V10B·12 


Symbol 
Parameter 
Min 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max Units 


tPD 
Input or Feedback to 
5 
7.5 
6 
10 
7 
12 
ns 
Non-Registered 
Output 


tEA 
Input to OUtput Enable 
5 
7.5 
6 
10 
7 
12 
ns 


tER 
Input to Output Disable 
5 
7.5 
6 
10 
7 
12 
ns 


tCF (1) 
Clock to Feedback 
0 
1 
2 
0 
1 
2 
0 
1.5 
2 
ns 


tca 
Clock to Output 
0 
3.5 
6.0 
0 
4 
7 
0 
5 
7.5 
ns 


ts 
Input or Feedback Setup Time 
4 
2.5 
5 
3 
6 
5 
ns 


tH 
Hold Time 
0 
0 
0 
ns 


tp 
Clock Period 
6 
7 
8 
ns 


tWL (1) Clock Width Low 
3 
3.5 
4 
ns 


tWH 
Clock Width High 
3 
3.5 
4 
ns 


External Feedback 
1/(ts+tca) 
100 
83 
74 
MHz 


FMAX 
Internal Feedback 
1/(ts + tCF) 
166 
142 
125 
MHz 


No Feedback 
1/(tp) 
166 
142 
125 
MHz 


tAW 
Asynchronous 
Reset Width 
6 
3 
7 
4 
8 
5 
ns 


tAR 
Asynchronous 
Reset, Synchronous 
7.5 
4 
8 
5 
8.5 
5 
ns 
Preset, Recovery Time 


tAP 
Asynchronous 
Reset to Registered 
7 
13 
8 
14 
9 
15 
ns 
OUtput Reset 


Input Test Waveforms 
and 
Measurement 
Levels 


< 


3.0V 


AC 


DRIVING 
LEVELS 


O.OV 


Output Test Loads: 


Commercial 
Military 
:::: ~T!~:OPI'):::: 
:~T!~F 


Note: 
I. CL = 30 pF for AT22VIOB-7 


AC 
MEASUREMENT 
LEVEL 


INPUTUNES 


0 
" 
8 
1,2 
,16, 
20, 
2,. 
,28 
32 
36 
40 


AR 
ASVNCHR 
0<0 


~~ 
)8 )- 


OUT· 
~~"' 
Lr--.. 7 


'Q- 
OE i'f IT 
I 
I 
'--- 


0 
~~ 


OUT· 
)10)- 
PUT 


~. 


~OO"' 


OE 
I 
I 
I 
I 
I 
I 
I 
I 
'--- 


0 


-~ 
)12)- 
OUT· 


~IC 


~11 
I 
I 
T 
I 
I 
I 
I 
I 
I 
I 
I 
- 
OE 
0 
-& 


OUT· 
)")- 
PUT 
LOO", 


~ 13 


OE 
0 


-~ 
)16)- 


OUT· 
PUT 
LOO", 


~ 15 
- 
OE 
0 


-~ 


OUT· 
)16>- 
~IC 


_ 15 
- 
OE 
0 


-~ 


OUT· 


)" 
>- 
~IC 


13 
- 


DE 
0 


~~ 
)12 )- 
OUT· 
PUT 
LOO", 


11 
~ - 


OE 
0 
-~ 
)10)- 


OUT· 
PUT 
LOO", 
~. 


OE 
- 


0 


J8~~ 
7 


~ 
SP 
I 
I 
I 
-:;- 
SVNCHRO 
, 
, 
, 
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ONOUSRESET 


!P'..,';j 


(23,27) 


• 


I--- 
\0 
\0 
\0 
to 
tD- 
tOMIN 
VH 1/ 
AD 
/ 
1\ 


ERED 
$ 
OUTPUT 
PRELOAD ENA. 
FORCE 1/0'$ 
PRELOAD DATA 
VOLTAGE 
PRELOAD 
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Preload of Registered Outputs 


The registers in the AT22VI0B 
are provided with circuitry to 
allow loading of each register asynchronously 
with either a high 
or a low. This feature will simplify testing since any state can be 
forced into the registers to control test sequencing. 
A Vrn level 
on the I/O pin will force the register high; a VIL will force it low, 
independent 
of the polarity bit (CO) setting. The PRELOAD 
state is entered by placing an 11 V to 14 V signal on pin 8 on 
DIPs, and pin 10 on SMPs. When the clock pin is pulsed high, 
the data on the I/O pins is placed into the ten registers. 


Power Up Reset 


The registers 
in the AT22VlOB 
are designed 
to reset during 
power up. Ata point delayed slightly from Vcc crossing 3.8 V, 
all registers will be reset to the low state. The output state will 
depend on the polarity of the output buffer. 


This feature is critical for state machine initialization. 
How- 


ever, due to the asynchronous 
nature of reset and the uncertainty 
of how Vcc actually rises in the system, the following condi- 
tions are required: 


1) The Vcc rise must be monotonic, 


2) 
Mter reset occurs, all input and feedback setup times must 
be met before driving the clock pin high, and 


3) The clock must remain stable during !PR. 


Level forced on 
registered output pin 
Register state 
during 
PRELOAD cycle. 
After Cycle 


VIH 
High 


VIL 
Low 


~ 


.8V 


POWER 
_ 


. 
tPR=}tS 


REGISTERED 
OUTPU_T_S__________ 
tSl 


CLOCK -----\-\-t=- tw--r- 


Description 


I 


Power-Up 
Reset Time 


Typ 
Max 
Units 
Conditions 


CIN 
I 
5 
8 
pF 
VIN = 0 V 


COUT 
I 
6 
8 
pF 
VOUT= 
0 V 


The entire fuse array of an AT22V lOB is erased after exposure 
to ultraviolet light at a wavelength of 2537 A. Complete erasure 
is assured after a minimum of20 minutes exposure using 12,000 
",W/cm2 intensity lamps spaced one inch away from the chip. 
Minimum erase time for lamps at other intensity ratings can be 


calculated 
from the minimum 
integrated 
erasure 
dose of 15 


W.sec/cm2. 
To prevent unintentional erasure, an opaque label is 


recommended 
to cover the clear window on any UV erasable 


EPLD which will be subjected to continuous 
fluorescent indoor 
lighting or sunlight. 


SUPPLY CURRENT 
VS. INPUT FREQUENCY 


AT22Vl0B 
(TA = 25C. VCC = 5V) 


120 


I 
90 


C 
(mAl 
C 
60 


30 


0 
0 
40 
60 


Frequency (MHz) 


NORMALIZED SUPPLY CURRENT 


VS. SUPPLY VOLTAGE 
. 


r 


m 
1.2 


OUTPUT SOURCE 
CURRENT 


VS. SUPPLY VOLTAGE (VOH = 2.4V) 


u 
t 
P 
u 
-15 
I 


C (mAl 


u 
r 
-30 
r 
•n 
t 


o 
34 


u 
t 
33 


P 
u 
32 
I 


C 
31 


u (mAl 


30 


OUTPUT SINK CURRENT 


VS. SUPPLY VOLTAGE (VOL = O.5V) 


4.5 
5.0 
5.5 
Supply Voltage (V) 


NORMALIZED ICC VS. AMBIENT TEMP. 


f=50MHz 


N 
• 
r 
m 
1.2. 


I 


C 
C 
0.6 


-55 
-25 
5 
35 
65 
95 


Ambient Temperature (C) 


OUTPUT SOURCE CURRENT 


VS. OUTPUT VOLTAGE (TA = 25C. VCC = 5V) 


o 


C (mAl 
u 
-60 


r 


: 
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n 


t 
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o 


OUTPUT SOURCE CURRENT 


VS. OUTPUT VOLTAGE (TA = 25C. VCC = 5V) 


o 
u 
I 
P 
-1 
u 
I 


OUTPUT SINK CURRENT 


VS. OUTPUT VOLTAGE (TA = 25C. VCC = 5V) 


o 
150 


90 


C (mAl 
60 


2 
3 
Output Voltage (V) 


AlmEL 


• 


AlmlL 


NORMALIZED TPD 
NORMALIZED TPD 


VS. SUPPLY VOLTAGE 
VS. TEMPERATURE 


N 
1.3 
N 
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· 
• 
r 
r 


m 
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m 
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• 
• 
I 
I 


I 
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z 
• 
• 


d 
d 
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0.9 
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T 


P 
P 


D 
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D 
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5.0 
5.5 
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5 
35 
65 
95 
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Supply Voltage (V) 
Ambient Temperature (C) 


NORMALIZED TCO 
NORMALIZED TCO 


VS. SUPPLY VOLTAGE 
VS. TEMPERATURE 


N 
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N 
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r 
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m 
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• 
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I 
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1.0 
· 
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4.0 
4.5 
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5.5 
6.0 
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95 
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Ambient Temperature (C) 
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NORMALIZED TS 


VS. SUPPLY VOLTAGE 
VS. TEMPERATURE 
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-25 
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Supply Voltage (V) 
Ambient Temperature (C) 


DELTA TPD vs. OUTPUT 
LOADING 
DELTA Teo 
vs. OUTPUT 
LOADING 


(VCC - 4.5V. OUTPUT 
LOAD = COMMERCIAL) 
( VCC - 4.5V, OUTPUT 
LOAD - COMMERCIAL) 


12 
12 


D 
D 
•I 
I 
• 


T 
T 


P 
C 


D 
0 


100 
200 
300 
400 
100 
200 
300 
400 


Output 
Load Gig included) 
Capac~ance 
pF 
Output 
Load Gig included) 
Capac~ance 
pF 


7-42 
AT22V10B 


tpo 
ts 
teo 
Ordering Code 
Package 
Operation 
Range 
(ns) 
(ns) 
(ns) 


7.5 
4 
6 
AT22V1 OB·7DC 
24DW3 
Commercial 


AT22V10B-7GC 
24D3 
(O°C to 70°C) 


AT22V1 OB-7JC 
28J 
AT22V10B-7KC 
28KW 
AT22V10B-7LC 
28LW 
AT22V1 OB-7NC 
28L 
AT22V10B-7PC 
24P3 
AT22V10B-78C 
248 


10 
5 
7 
AT22V10B-10DC 
24DW3 
Commercial 


AT22V10B-10GC 
24D3 
(O°C to 70°C) 


AT22V10B-10JC 
28J 
AT22V1 OB-1OKC 
28KW 
AT22V1 OB-1OLC 
28LW 
AT22V1 OB-1ONC 
28L 
AT22V10B-10PC 
24P3 
AT22V10B-108C 
248 


AT22V10B-10DI 
24DW3 
Industrial 


AT22V10B-10GI 
24D3 
(-40°C to 85°C) 


AT22V10B-10JI 
28J 
AT22V10B-10KI 
28KW 


AT22V1 OB-1OLi 
28LW 
AT22V10B-10NI 
28L 
AT22V10B-10PI 
24P3 
AT22V10B-1081 
248 


AT22V10B-10DM 
24DW3 
Military 


AT22V1 OB-1OGM 
24D3 
(-55°C to 125°C) 


AT22V1 OB-1OKM 
28KW 
AT22V1 OB-1OLM 
28LW 
AT22V1 OB-1ONM 
28L 


AT22V1 OB-1ODM/883 
24DW3 
Military/883C 


AT22V1 OB·1OGM/883 
24D3 
(-55°C to 125°C) 


AT22V1 OB-1OKM/883 
28KW 
Class B, Fully Compliant 


AT22V1 OB-1OLM/883 
28LW 
AT22V1 OB-1ONM/883 
28L 


12 
6 
7.5 
AT22V10B-12DC 
24DW3 
Commercial 


AT22V1 OB-12GC 
24D3 
(O°C to 70°C) 


AT22V1 OB-12JC 
28J 
AT22V10B-12KC 
28KW 
AT22V10B-12LC 
28LW 
AT22V10B-12NC 
28L 
AT22V10B-12PC 
24P3 
AT22V10B-128C 
248 


AT22V10B-12DI 
24DW3 
Industrial 


AT22V10B-12GI 
24D3 
(-40°C to 85°C) 


AT22V10B-12JI 
28J 
AT22V10B-12KI 
28KW 
AT22V10B-12L1 
28LW 
AT22V10B-12NI 
28L 
AT22V10B-12PI 
24P3 
AT22V10B-1281 
248 


• 


AlmEL 


AlmEL 


tpo 
ts 
teo 
Ordering Code 
Package 
Operation 
Range 
(ns) 
(ns) 
(ns) 


12 
6 
7.5 
AT22V10B-12DM 
24DW3 
Military 


AT22V10B-12GM 
24D3 
(-55°C to 125°C) 


AT22V10B-12KM 
28KW 
AT22V10B-12LM 
28LW 
AT22V10B-12NM 
28L 


AT22V10B-12DM/883 
24DW3 
Military/883C 


AT22V1 OB-12GM/883 
24D3 
(-55°C to 125°C) 


AT22V10B-12KM/883 
28KW 
Class B, Fully Compliant 


AT22V10B-12LM/883 
28LW 
AT22V1 OB-12NM/883 
28L 


Package Type 


240W3 
24 Lead, 0.300" Wide, Windowed, Ceramic Dual Inline Package (Cerdip) 


2403 
24 Lead, 0.300" Wide, Non-Windowed (OTP), Ceramic Duallnline 
Package (Cerdip) 


28J 
28 Lead, Plastic J-Leaded Chip Carrier OTP (PLCC) 


28KW 
28 Lead, Windowed, Ceramic J-Leaded Chip Carrier (JLCC) 


28LW 
28 Pad, Windowed, Ceramic Leadless Chip Carrier (LCC) 


28L 
28 Pad, Non-Windowed, Ceramic Leadless Chip Carrier OTP (LCC) 


24P3 
24 Lead, 0.300" Wide, Plastic Dual Inline Package OTP (PDIP) 


245 
24 Lead, 0.300" Wide, Plastic Gull Wing Small Outline OTP (SOIC) 


Features 


• 
Low Voltage 
Programmable 
Logic 
Device 
Wide Power 
Supply 
Range - 3.0 V to 5.5 V 
Ideal for Battery 
Powered 
Systems 
• 
High Speed Operation 
20 ns max Propagation 
Delay at Vcc = 3.0 V 


• 
Full Military, 
Commercial 
and Industrial 
Temperature 
Ranges 


• 
Familiar 
22V10 Logic 
Architecture 
• 
Low Power 3-Volt 
CMOS Operation 


AT22LV10L 
AT22LV10 


Temp 
I 
Com.lMIi. 
Com.lMIi. 


Ice (mA) 
4/5 
35/45 
Vcc = 3.6 V 


• 
CMOS and TTL Compatible 
Inputs 
and Outputs 


10 ~ 
Leakage 
Maximum 


• 
Reprogrammable 
- Tested 
100% for Programmability 


• 
High Reliability 
CMOS Technology 


2000 V ESD Protection 
200 mA Latchup 
Immunity 


• 
Dual-ln-L1ne 
and Surface 
Mount 
Packages 


PROGRAMMABLE 
INlERCONNECT 
AND 
COMBINATORIAL 
LOGIC ARRAY 
8TO 
16 
PRODUCT 
TERMS 


Description 


The AT22L V 10 and AT22L V IOL are low voltage compatible CMOS high performance 
Eras- 


able Programmable 
Logic Devices (EPLDs). Speeds down to 20 ns and power dissipation as 


low as 14.4 mW are offered. All speed ranges are specified over the 3.0 V to 5.5 V range. All 
pins offer a low ±1O ~ 
leakage. 


The AT22LVIOL 
provides 
the optimum 
low power CMOS EPLD solution, with low DC 


power (l mA typical at Vcc = 3.3 V) and ful1 CMOS output levels. The AT22LVI0L 
signif- 


icantly reduces total system power, al10wing battery powered operation. 


Ful1 CMOS output levels help reduce power in many other system components. 


The AT22L VI 0 and AT22L VIOL logic architectures are identical to the familiar 22V 1O.Each 
output is alIocated from eight to 16 product terms, which al10ws highly complex logic func- 
tions to be realized. 


Two additional product terms are included to provide synchronous 
preset and asynchronous 


reset. These terms are common to all ten registers. Al1registers are automatical1y cleared upon 
power up. 


Register Preload simplifies 
testing. A Security Fuse prevents unauthorized 
copying of pro- 


grammed fuse patterns. 


Low Voltage 
UV Erasable 
Programmable 
Logic Device 


• 


Pin Name 
Function 


CLK/IN 
Clock and Logic Input 


IN 
Logic Inpuis 


I/O 
Bidirectional Buffers 
. 
No Internal Connection 


VCC 
3.0 V to 5.5 V Supply 


CU<l1N 
vcc 
vo 
eLK/IN 
.- 
voc 
IN 
IN I . 
va 


IN 
23 
110 
IN 
22 
110 
IN 
110 
IN 
21 
110 
IN 
110 
IN 
2. 
110 
IN 
110 
IN 
,. 
110 
22 
IN 
,. 
110 
IN 
110 


IN 
" 


110 
IN 
110 
IN 
" 


110 
IN 
110 
IN 
IS 
110 
IS 
IN 
" 


110 
GND 
13 
IN 
IN 
110 
IN GNO 
IN 
110 


AlmEL 


7-45 


Temperature 
Under Bias 
-55°C to +125°C 


Storage Temperature 
-65°C to +150oC 


Voltage on Any Pin with 
Respect to Ground 
-2.0 V to +7.0 V(1) 


Voltage on Input Pins 
with Respect to Ground 
During Programming 
-2.0 V to +14.0 V(I) 


Programming 
Voltage with 
Respect to Ground 
-2.0 V to +14.0 V(1) 


Integrated 
UV Erase Dose 
7258 W.sec/cm2 


To 
OUlpul 


From 
Outpul 


Output Options 


~ 


~ 
Logic 
I/O 
Option 


AlmEL 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 


mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Note: 
1. Minimum voltage is -0.6 V dc which may undershoot to 
-2.0 V for pulses of less than 20 ns. Maximum pin voltage is 
Vcc+O.75 
V dc which may overshoot to Vcc +2.0 V for 


pulses of less than 20 ns. 


To 
Output 


~--D 


Logic 
1/0 


Option 


Commercial 
AT22LV10/L 
Industrial 
AT22LV10/L 
Military 
AT22LV10/L 


-20, -25, -30 
-20, -25, -30 
-25, -30, -35 


Operating Temperature 
(Case) 
I 
OoC-700C 
-400C - 85°C 
-550C - 125°C 


Vcc Power Supply 
I 
3.0 V to 5.5 V 
3.0 Vto 5.5 V 
3.0Vto 
5.5 V 


I 24·Pln DIP 
1 
5 
8 
13 
lIDs 
Vcc (24) 


Mode 
I 28-Pln JLCC 
2 
6 
10 
16 
II0s 
Vcc(28) 


"EPLD" 
X (1) 
X 
X 
X 
110 
3.0 Vto 5.5 V 


Program 
Vpp 
X /VH (2) 
X 
Vpp 
DIN 
6V 


PGM Verify 
Vpp 
XNH 
X 
VIL 
DOUT 
6V 


PGM Inhibit 
Vpp 
XNH 
X 
VIH 
HighZ 
6V 


Preload 
X 
X 
VH 
X 
DIN 
3.0 Vto 5.5 V 


Symbol 
Parameter 
Condition 
Mln 
Typ 
Max 
Units 


III 
Input Load Current 
VIN = -0.1 Vto Vcc+1 V 
10 
lJ,A 


ILO 
Output Leakage 
VOUT= -0.1 VtoVcc+0.1 
V 
10 
lJ,A 
Current 


AT22LV10 
Com. 
20/50 
35/90 
mA 


Power Supply 
Vcc = 3.6 V 15.5 V, 
Ind., Mil. 
20/50 
45/100 
mA 
Icc 
VIN = GND, 
Current 
Outputs Open 
AT22LV10L(2) 
Com. 
1/2 
4/12 
mA 


Ind., Mil. 
1/2 
5/15 
mA 


Clocked Power 
f = 1 MHz, 
Com. 
3/5 
7/15 
mA 
ICC2 
Vcc = 3.6 V 15.5 V, 
AT22LV10L(2) 
Supply Current 
Outputs Open 
Ind., Mil. 
3/5 
10/20 
mA 


105(1) 
Output Short Circuit 
VOUT= 0.5 V 
-90 
mA 
Current 


VIL1 
Input Low Voltage 
4.5 V:s: Vcc:s: 5.5 V 
-0.6 
0.8 
V 


VIL2 
Input Low Voltage 
3.0V:S:Vcc<4.5V 
-0.6 
0.6 
V 


VIH 
Input High Voltage 
2.0 
Vcc+O.75 
V 


Vcc =3.0V 
Com.,lnd.lMil. 
IOL= 8 mA 16 mA 
0.5 
V 


VOL 
Output Low Voltage 
Vcc =4.5 
V 
Com.,lnd.lMil. 
IOL= 16 mA/12 
mA 
0.5 
V 
VIN = VIH or VIL 
Vcc = 3.0V 
Com.,lnd.lMil. 
IOL= 6 mA/4 
mA 
0.35 
V 


VOH 
Output High Voltage 
VIN = VIH or VIL. 
IOH= -100~ 
Vcc-O.3 
V 
Vcc = 3.0 V 14.5 V 
IOH= -0.4 mA I -4.0 mA 
2.4 
V• 


Notes: 
I. Not more than one output at a time should be shorted. 


Duration of short circuit test should not exceed 30 sec. 


AT22LV1o-20 
AT22LV1o-25 
AT22LV1o-30 


Symbol 
Parameter 
Min 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max Units 


tPD 
Input or Feedback to 
12 
20 
15 
25 
20 
30 
ns 
Non-Registered 
Output 


tEA 
Input to Output Enable 
20 
15 
25 
20 
30 
ns 


tER 
Input to Output Disable 
20 
15 
25 
20 
30 
ns 


tCF 
Clock to Feedback 
0 
4 
9 
0 
5 
9 
0 
6 
10 
ns 


tco 
Clock to Output 
0 
8 
14 
0 
10 
17 
0 
12 
20 
ns 


ts 
Input or Feedback Setup Time 
10 
6 
12 
7 
15 
8 
ns 


tH 
Hold Time 
0 
0 
0 
ns 


tp 
Clock Period 
10 
12 
14 
ns 


tw 
Clock Width 
5 
6 
7 
ns 


External Feedback 
1/(ts+tco) 
41.6 
34.5 
28.5 
MHz 


FMAX 
Internal Feedback 
1/(ts + tCF) 
52.6 
47.6 
40.0 
MHz 


No Feedback 
1/(tp) 
100.0 
83.3 
71.4 
MHz 


tAW 
Asynchronous 
Reset Width 
20 
12 
25 
15 
30 
18 
ns 


Asynchronous 
Reset, 
tAR 
Synchronous 
Preset, 
20 
12 
25 
15 
30 
18 
ns 
Recovery Time 


tAP 
Asynchronous 
Reset to 
15 
25 
18 
28 
20 
30 
ns 
Registered Output Reset 


Aliii[ 


COMBINATORIAL 
OUTPUTS 


Note: 
1. Timing measurement reference is 1.5 V. Input AC driving levels are 0.0 V and 3.0 V, unless otherwise specified. 


AT22LV10L·25 
AT22LV10L·30 
AT22LV10L·35 


Symbol 
Parameter 
Min 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max 
Units 


tPD 
Input or Feedback to Non-Registered 
15 
25 
20 
30 
25 
35 
ns 
Output 


tEA 
Input to Output Enable 
15 
25 
20 
30 
25 
35 
ns 


tER 
Input to Output Disable 
15 
25 
20 
30 
25 
35 
ns 


tCF 
Clock to Feedback 
0 
5 
9 
0 
6 
10 
7 
11 
ns 


tca 
Clock to Output 
0 
10 
14 
0 
12 
17 
15 
20 
ns 


tSF 
Feedback Setup Time 
12 
7 
15 
10 
18 
12 
ns 


ts 
Input Setup Time 
17 
15 
20 
15 
22 
15 
ns 


tH 
Hold Time 
0 
0 
0 
ns 


tp 
Clock Period 
12 
14 
16 
ns 


tw 
Clock Width 
6 
7 
8 
ns 


External Feedback 
1/(ts+tca) 
32.2 
27.0 
23.8 
MHz 


FMAX 
Internal Feedback 
1/(tSF + tCF) 
47.6 
40.0 
34.4 
MHz 


No Feedback 
1/(tp) 
83.3 
71.4 
62.5 
MHz 


tAw 
Asynchronous 
Reset Width 
25 
15 
30 
18 
35 
20 
ns 


tAR 
Asynchronous 
Reset Recovery Time 
25 
15 
30 
18 
35 
20 
ns 


tAp 
Asynchronous 
Reset to Registered 
18 
28 
20 
30 
22 
35 
ns 
Output Reset 


Input Test Waveforms 
and 


Measurement 
Levels 


AC 
MEASUREMENT 
LEVEL 


Output Test Loads: 


Commercial 


5.0V 


R1=250 
011 


OUTPUT 
PIN 


R2=167 
0 
J: CL=50pF 
< 


3.0V 
AC 
DRIVING 
LEVELS 
O.OV 


5.0V 


R1= 


33801l 
OUTPUT 
PIN 


R2=248 
0 
J:CL=50PF 


IV' 


INPUTUNES 
0 
" 
~ 
12 
,. 
20 
2. 
28 
32 
36 
'0 


AR 
ASVNCHRO 
O~ 


~ 


)8 
>- 
PUT 


I~ 
7 


-t)OGIC 


"'OE 
I 
I 
I 
I 
I 
I 
I 
I 


0 
-±r 
- 


OUT· 


)'0 )- 
~IC 


9 


DE 
I 
I 
I 
I 
I 
I 
I 
T 


0 
a 
-2:r 
)'2 )- 


OUT· 


~11 
:lB 
~ 


~~K: 
'-- 


DE0 
~b 


),. 
>- 
PUT 


LOGK: 


t> 
~ 13 
~ '-- 


DE0 


-~ 
),.>- 


OUT· 


~lC 


'5 


DE0 


-~ 


OUT· 
J,. )- 
PUT 


LOGK: 


~ '5 
- 


DE0 
-b 


OUT· 


),.)- 


PUT 


LOGK: 


'3 
- - 


DE0 


-2:r 


)'2>- 


OUT· 


PUT 


LOGK: 


11 
- 
DE0 
-±r 
)10>- 


OUT· 


PUT 


LOGK: 


~ 
9 


DE 
f 
I 
'-- 


0 


~~~ 
~ 
7 


SP 
'-- 
SYNCHRO 
- 
, 


AlmlL 


NOUS RESET 
~D..\';j 
(23,27) 


• 


-to 
to 
to 
to 
tD- 
tDMI 
VH 


AD 
~ 
~ 


r\ 


ERED 
S 
OUTPUT 
PRELOADENA. FORCEIIO'S 
PRELOADDATA 
VOLTAGE 
PRELOAD 


AlmEL 


Preload of Registered Outputs 


The registers in the AT22L V I0 and AT22L V IOLare provided 
with circuitry to allow loading of each register asynchronously 
with either a high or a low. This feature will simplify testing 
since any state can be forced into the registers to control test 
sequencing. 
A VITI level on the I/O pin will force the register 
high; a Vn..will force it low, independent of the polarity bit (CO) 
setting. The PRELOAD 
state is entered by placing an II V to 
14 V signal on pin 8 on DIPs, and pin 10 on SMPs. When the 
clock pin is pulsed high, the data on the I/O pins is placed into 
the ten registers. 


Power Up Reset 


The registers in the AT22L V 10 and AT22L V IOL are designed 
to reset during power up. At a point delayed slightly from Vcc 
crossing 2.5 V, all registers will be reset to the low state. The 
output state will depend on the polarity of the output buffer. 


This feature is critical for state machine initialization. However, 
due to the asynchronous 
nature of reset and the uncertainty 
of 
how Vcc actually rises in the system, the following conditions 
are required: 


I) The Vcc rise must be monotonic, 


2) After reset occurs, all input and feedback setup times must be 
met before driving the clock pin high, and 


3) The clock must remain stable during LPR. 


Level forced 
on 
registered 
output 
pin 
Register 
state 
during 
PRELOAD 
cycle. 
After Cycle 


VIH 
High 


VIL 
Low 


,2.5 
Vr 
POWER-----.l1-- 
tPR=1---- 


REGISTERED 
j,- 
OUTPUTS 
~ 
~ 


CLOCK 
---~\~\ctW 


Description 


I 


Power-Up 
Reset Time 


Typ 


600 


Typ 
Max 
Unhs 
Conditions 


CIN 
5 
8 
pF 
VIN = 0 V 


COUT 
6 
8 
pF 
VOUT= 0 V 


Erasure Characteristics 


The entire fuse array of an AT22L V I0 or AT22L V IOLis erased 
after exposure 
to ultraviolet 
light at a wavelength 
of 2537 A. 
Complete erasure is assured after a minimum of 20 minutes ex- 
posure using 12,000 f>W/cm2 intensity lamps spaced one inch 
away from the chip. Minimum erase time for lamps at other in- 


tensity ratings can be calculated 
from the minimum 
integrated 
erasure dose of IS W.sec/cm2. To prevent unintentional 
erasure, 
an opaque label is recommended 
to cover the clear window on 
any UV erasable EPLD which will be subjected to continuous 
fluorescent indoor lighting or sunlight. 


SUPPLY CURRENT 
VS. INPUT FREQUENCY 


AT22LV10 (TA = 25C) 


Vcc 
5.0V 


Vcc 
3.3V 


I 
C 
40 


C 


20 
30 
Frequency (MHz) 


NORMALIZED SUPPLY CURRENT 


VS. SUPPLY VOLTAGE 
N 
1.2 
o 
r 
m 
• 
0.9 
I 
I 
z• 
d 
0.6 


OUTPUT SINK CURRENT 


YS. SUPPLY VOLTAGE (TA = 25C) 


OUTPUT SOURCE CURRENT 


YS. SUPPLY VOLTAGE (VOH = 2.4V TA = 25C) 


o 
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NORMALIZED TPD 


VS. SUPPLY VOLTAGE 


NORMALIZED TPD 


VS. TEMPERATURE 


N 
1.6 


G 


r 
m 
1.4 
•I 
I 
1.2 
•• 
d 
1.0 


T 
P 
D 
0.8 


3.0 


N 
1.5 


G, 
m 
1.3· 
I 
I 
1.1 
••d 
0.9 


T 
P 
D 
0.7 


-55 


NORMALIZED TCO 


VS. SUPPLY VOLTAGE 


NORMALIZED TCO 


V5. TEMPERATURE 


N 
1.6 


G 


r 
m 
1.4· 
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1.0 


........ 


........ ...•...•••••.• 


T 
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Ambient Temperature (C) 


NORMALIZED TS 


V5. TEMPERATURE 


1.3 


N 
0, 


m 
1.1· 
I 
I·• 
0.9 


d 


T 
S 
0.7 


-55 
-25 
5 
35 
65 
95 
125 


Ambient Temperature (C) 


DELTA Teo 
V5. OUTPUT LOADING 


(vcc = 4.5V, OUTPUT 
LOAD = COMMERCIAL) 


12 


D 


NORMALIZED TS 


V5. SUPPLY VOLTAGE 


1.6 
N 


0 
r 
1.4 
m· 
I 
I 
1.2 
•• 
d 
1.0 


T 
S 
0.8 


3.0 
3.5 
4.0 
4_5 
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5.5 


Supply Voltage (V) 


DELTA TPD VS. OUTPUT LOADING 


(VCC = 4.5V, OUTPUT 
LOAD = COMMERCIAL) 


12 


100 
200 
300 
400 


Output 
Load Gig included) 
Capacitance 
pF 


tpo 
ts 
tea 
Ordering Code 
Package 
Operation 
Range 
(ns) 
(ns) 
(ns) 


20 
10 
14 
AT22LV10-200C 
240W3 
Commercial 


AT22LV10·20FC 
24C 
(O°C to 70°C) 


AT22LV10-20GC 
2403 
AT22LV10-20JC 
28J 
AT22LV10·20KC 
28KW 
AT22L V10-20LC 
28LW 
AT22LV10·20NC 
28L 
AT22LV10-20PC 
24P3 
AT22LV10-208C 
248 
AT22LV10-20YC 
24CW 


AT22LV10-2001 
240W3 
Industrial 


AT22L V10-20FI 
24C 
(-40°C to 85°C) 


AT22LV10-20GI 
2403 
AT22LV10-20JI 
28J 
AT22L V10-20KI 
28KW 
AT22LV10-20Ll 
28LW 
AT22LV10-20NI 
28L 
AT22L V10-20PI 
24P3 
AT22LV10-2081 
248 
AT22LV10-20YI 
24CW 


AT22LV10-200M 
240W3 
Military 


AT22L V10-20FM 
24C 
(·55°C to 125°C) 


AT22LV10-20GM 
2403 
AT22LV10-20KM 
28KW 
AT22LV10-20LM 
28LW 
AT22LV10-20NM 
28L 
AT22LV10-20YM 
24CW 


AT22LV10-200M/883 
240W3 
Military/883D 


AT22LV10-20FM/883 
24C 
(-55°C to 125°C) 


AT22L V10·20GM/883 
2403 
Class B. Fully Compliant 


AT22L V10-20KM/883 
28KW 
AT22LV10-20LM/883 
28LW 
AT22LV10-20NM/883 
28L 
AT22LV10-20YM/883 
24CW 


25 
12 
17 
AT22LV10-250C 
240W3 
Commercial 


AT22LV10-25FC 
24C 
(O°C to 70°C) 


AT22LV10-25GC 
2403 


AT22LV10-25JC 
28J 
AT22L V10·25KC 
28KW 
AT22LV10-25LC 
28LW 
AT22LV10-25NC 
28L 
AT22LV10-25PC 
24P3 
AT22LV10-258C 
248 
AT22LV10-25YC 
24CW 


• 
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tPD 
ts 
tea 
Ordering Code 
Package 
Operation 
Range 
(ns) 
(ns) 
(ns) 


25 
12 
17 
AT22L V10-25DI 
24DW3 
Industrial 


AT22LV10-25FI 
24C 
(-40°C to 85°C) 


AT22LV10-25GI 
24D3 
AT22LV10-25JI 
28J 
AT22LV10-25KI 
28KW 
AT22LV10-25L1 
28LW 
AT22LV10-25NI 
28L 
AT22LV10-25PI 
24P3 
AT22LV10-25SI 
24S 
AT22LV10-25YI 
24CW 


AT22L V10-25DM 
24DW3 
Military 


AT22LV10-25FM 
24C 
(-55°C to 125°C) 


AT22LV10-25GM 
24D3 
AT22LV10-25KM 
28KW 
AT22L V1 0-25LM 
28LW 
AT22L V10-25NM 
28L 
AT22L V10-25YM 
24CW 


AT22L V1 0-25DM/883 
24DW3 
Military/883D 
AT22L V10-25FM/883 
24C 
(-55°C to 125°C) 


AT22L V10-25GM/883 
24D3 
Class B, Fully Compliant 


AT22L V10-25KM/883 
28KW 
AT22L V10-25LM/883 
28LW 
AT22L V10-25NM/883 
28L 
AT22LV10-25YM/883 
24CW 


30 
15 
20 
AT22LV10-30DC 
24DW3 
Commercial 


AT22LV10-30FC 
24C 
(O°C to 70°C) 


AT22LV10-30GC 
24D3 
AT22LV10-30JC 
28J 
AT22LV10-30KC 
28KW 
AT22LV10-30LC 
28LW 
AT22LV10-30NC 
28L 
AT22LV10-30PC 
24P3 
AT22LV10-30SC 
24S 
AT22L V10-30YC 
24CW 


AT22L V10-30DI 
24DW3 
Industrial 


AT22LV10-30FI 
24C 
(-40°C to 85°C) 


AT22LV10-3GI 
24D3 
AT22LV10-30JI 
28J 
AT22LV10-30KI 
28KW 
AT22L V10-30Ll 
28LW 
AT22L V10-30NI 
28L 
AT22L V10-30PI 
24P3 
AT22LV10-30SI 
24S 
AT22L V10-30YI 
24CW 


tpo 
ts 
teo 
Ordering Code 
Package 
Operation 
Range 
(ns) 
(ns) 
(ns) 


30 
15 
20 
AT22LV10-300M 
240W3 
Military 


AT22LV10-30FM 
24C 
(-55°C to 125°C) 


AT22LV10-30GM 
2803 
AT22LV10-30KM 
28KW 
AT22LV10-30LM 
28LW 
AT22LV10-30NM 
28L 
AT22L V10-30YM 
24CW 


AT22LV10-300M/883 
240W3 
Military/8830 
AT22L V10-30FM/883 
24C 
(-55°C to 125°C) 


AT22LV10-30GM/883 
2403 
Class S, Fully Compliant 
AT22LV10-30KM/883 
28KW 
AT22LV10-30LM/883 
28LW 
AT22LV10-30NM/883 
28L 
AT22L V1 0-30YM/883 
24CW 
• 


Package 
Type 


240W3 
24 Lead, 0.300" Wide, Windowed, Ceramic Ouallnline Package (Cerdip) 


24C 
24 Lead, Non-Windowed, Ceramic Flat Package (Cerpack) 


2403 
24 Lead, 0.300" Wide, Non-Windowed (OTP), Ceramic Ouallnline Package (Cerdip) 


28J 
28 Lead, Plastic J-Leaded Chip Carrier OTP (PLCC) 


28KW 
28 Lead, Windowed, Ceramic J-Leaded Chip Carrier (JLCC) 


28LW 
28 Pad, Windowed, Ceramic Leadless Chip Carrier (LCC) 


28L 
28 Pad, Non-Windowed, Ceramic Leadless Chip Carrier OTP (LCC) 


24P3 
24 Lead, 0.300" Wide, Plastic Duallnline 
Package OTP (PDIP) 


245 
24 Lead, 0.300" Wide, Plastic Gull Wing Small Outline OTP (SOIC) 


24CW 
24 Lead, Windowed, Ceramic Flat Package (Cerpack) 
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tpo 
ts 
tea 
Ordering Code 
Package 
Operation Range 
(ns) 
(ns) 
(ns) 


25 
17 
14 
AT22LV10L-25DC 
24DW3 
Commercial 


AT22LV10L-25FC 
24C 
(O°C to 70°C) 


AT22LV10L-25GC 
24D3 
AT22LV10L-25JC 
28J 
AT22LV10L-25KC 
28KW 
AT22LV10L-25LC 
28LW 
AT22LV10L-25NC 
28L 
AT22LV10L-25PC 
24P3 
AT22LV10L-25SC 
24S 
AT22LV10L-25YC 
24CW 


AT22LV10L-25DI 
24DW3 
Industrial 


AT22LV10L-25FI 
24C 
(-40°C to 85°C) 


AT22LV10L-25GI 
24D3 
AT22LV10L-25JI 
28J 
AT22LV10L-25KI 
28KW 
AT22LV10L-25L1 
28LW 
AT22LV10L-25NI 
28L 
AT22LV10L-25PI 
24P3 
AT22LV10L-25SI 
24S 
AT22LV10L-25YI 
24CW 


30 
20 
17 
AT22LV10L-30DC 
24DW3 
Commercial 


AT22LV10L-30FC 
24C 
(O°C to 70°C) 


AT22LV10L-30GC 
24D3 
AT22LV10L-30JC 
28J 
AT22LV10L-30KC 
28KW 
AT22LV10L-30LC 
28LW 
AT22LV10L-30NC 
28L 
AT22LV10L-30PC 
24P3 
AT22LV10L-30SC 
24S 
AT22LV10L-30YC 
24CW 


AT22LV10L-30DI 
24DW3 
Industrial 


AT22LV10L-30FI 
24C 
(-40°C to 85°C) 


AT22LV10L-3GI 
24D3 
AT22LV10L-30JI 
28J 
AT22LV10L-30KI 
28KW 
AT22LV10L-30Ll 
28LW 
AT22LV10L-30NI 
28L 
AT22LV10L-30PI 
24P3 
AT22LV10L-30SI 
24S 
AT22LV10L-30YI 
24CW 


AT22LV10L-30DM 
24DW3 
Military 


AT22LV10L-30FM 
24C 
(-55°C to 125°C) 


AT22LV10L-30GM 
24D3 
AT22LV10L-30KM 
28KW 
AT22LV10L-30LM 
28LW 
AT22LV10L-30NM 
28L 
AT22LV10L-30YM 
24CW 


tPD 
ts 
tea 
Ordering Code 
Package 
Operation 
Range 
(ns) 
(ns) 
(ns) 


30 
20 
17 
AT22L V1OL-30DM/883 
24DW3 
Military/883D 


AT22L V1OL-30FM/883 
24C 
(-55°C to 125°C) 


AT22L V1 OL-30GM/883 
24D3 
Class S, Fully Compliant 


AT22LV10L-30KM/883 
28KW 
AT22L V1OL-30LM/883 
28LW 
AT22LV10L-30NM/883 
28L 
AT22LV1 OL-30YM/883 
24CW 


35 
22 
20 
AT22LV10L-35DC 
24DW3 
Commercial 


AT22LV10L-35FC 
24C 
(O°C to 70°C) 


AT22LV10L-35GC 
24D3 
AT22LV10L-35JC 
28J 
AT22LV10L-35KC 
28KW 
AT22LV10L-35LC 
28LW 
AT22LV10L-35NC 
28L 
AT22LV10L-35PC 
24P3 
AT22LV10L-35SC 
24S 
AT22LV10L-35YC 
24CW 


AT22LV10L-35DI 
24DW3 
Industrial 


AT22LV10L-35FI 
24C 
(-40°C to 85°C) 


AT22LV10L-35GI 
24D3 
AT22LV10L-35JI 
28J 
AT22LV10L-35KI 
28KW 
AT22LV10L-35L1 
28LW 
AT22LV10L-35NI 
28L 
AT22LV10L-35PI 
24P3 
AT22LV10L-35SI 
24S 
AT22LV10L-35YI 
24CW 


AT22LV10L-35DM 
24DW3 
Military 


AT22LV10L-35FM 
24C 
(-55°C to 125°C) 


AT22LV10L-35GM 
28D3 
AT22LV10L-35KM 
28KW 
AT22LV10L-35LM 
28LW 
AT22LV10L-35NM 
28L 
AT22L V1OL-35YM 
24CW 


AT22LV10L-35DM/883 
24DW3 
Military/883D 


AT22LV10L-35FM/883 
24C 
(-55°C to 125°C) 


AT22LV10L-35GM/883 
24D3 
Class S, Fully Compliant 


AT22LV10L-35KM/883 
28KW 
AT22LV10L-35LM/883 
28LW 
AT22LV10L-35NM/883 
28L 
AT22L V1OL-35YM/883 
24CW 


• 
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Package Type 


240W3 
24 Lead, 0.300' Wide, Windowed, Ceramic Duallnline 
Package (Cerdip) 


24C 
24 Lead, Non-Windowed, Ceramic Flat Package (Cerpack) 


2403 
24 Lead, 0.300' Wide, Non-Windowed (OTP), Ceramic Duallnline 
Package (Cerdip) 


28J 
28 Lead, Plastic J-Leaded Chip Carrier OTP (PLCC) 


28KW 
28 Lead, Windowed, Ceramic J-Leaded Chip Carrier (JLCC) 


28LW 
28 Pad, Windowed, Ceramic Leadless Chip Carrier (LCC) 


28L 
28 Pad, Non-Windowed, Ceramic Leadless Chip Carrier OTP (LCC) 


24P3 
24 Lead, 0.300' Wide, Plastic Dual Inline Package OTP (PDIP) 


248 
24 Lead, 0.300' Wide, Plastic Gull Wing Small Outline OTP (SOIC) 


24CW 
24 Lead, Windowed, Ceramic Flat Package (Cerpack) 


IN 
IN 
VCC 
VO 


IN 
1 
24 
Vce 
IN 
VO 


IN 
2 
23 
va 


IN 
3 
22 
va "Om 


IN 
• 
21 
va 
IN 
va 


IN 
S 
20 
va 
IN 
va 


IN 
• 
I. 
va 
• 
8 
22 
• 
IN 
7 
18 
va 
IN 
va 


IN 
8 
17 
va 
IN 
va 


IN 
• 
,. 
va 
IN 
va 


IN 
10 
's 
va 
IS 


IN 
11 
1. 
va 


GND 
'2 
13 
IN 
IN 
110 
IN 
GND 
IN 
110 
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Features 


• 
Third 
Generation 
Programmable 
Logic 
Structure 


High Densny 
Replacement 
for Discrete 
Logic 


• 
High Speed· 
Plus a New Low Power Version 


• 
Increased 
Logic 
Flexibility 


42 Inputs 
and 20 SUM terms 


• 
Flexible 
Output 
Logic 


20 Flip-Flops· 
10 Extra 


All can 
Be Individually 
Burled 
or 10 Output 
Directly 


Each has Individual 
Asynchronous 
Reset or Clock Terms 


• 
Multiple 
Feedback 
Paths Provide 
for Burled 
State Machines 


and 1/0 Bus Compatibility 


• 
Proven 
and Reliable 
High Speed CMOS EPROM Process 


2000 V ESD Protection 
200 mA Latchup 
Immunity 


• 
Reprogrammable· 
Tested 
100% for Programmability 


• 
24·pln, 300-mll 
Dual·ln·llne 
and 28-Lead Surface 
Mount 
Packages 


12 
Input 
Pins 


Programmable 


Interconnect 


and 
Combinatorial 


Logic Array 


10 
1/0 
Pins 


Logic 
Option 


(Up to 20 


Flip-Flops) 


Description 


The ATV750/L is 100% more powerful than most other programmable 
logic devices in 24 pin 


packages. 
Increased Product terms, SUM Terms, and Flip-Flops 
translate into more usable 


gates. 


Each of the ATV750's 
22 logic pins can be used as an input. Ten of these can be used as input, 
output, or bi-directional 
I/O pins. All 20 Flip-Flops 
can be fed back into the array indepen- 


dently. This flexibility allows burying all of the SUM terms and Flip-Flops. 


There are 171 Product Terms available. A variable format is used to assign between four and 
eight Product Terms per Sum Term. There are two Sum Terms per output, providing added 
flexibility. 
Much more logic can be replaced by this one 24-pin device. 


The ATV750/L has more flip-flops available than other EPLDs in this density range. Complex 
state machines are easily implemented. 


Product terms are available 
providing 
Asynchronous 
Resets, Flip-Flop 
clocks, and Output 


Enables. One reset and one clock term are provided per Flip-Flop, with one Enable term per 
output. One product term provides a global synchronous 
Preset. 
Register Preload simplifies 


testing. The device has an internal power up clear function. 


Pin Name 
Function 


IN 
Logic Inpuls 


I/O 
Bidirectional Buffers 
. 
No Internal Connection 


VCC 
+5V Supply 


High Density 
UV Erasable 
Programmable 
Logic Device 


• 


Temperature 
Under Bias 
-55°C to +125°C 


Storage Temperature 
-65°C to +150°C 


Voltage on Any Pin with 
Respect to Ground 
-2.0 V to +7.0 V(1) 


Voltage on Input Pins 
with Respect to Ground 
During Programming 
-2.0 V to +14.0 V(1) 


Programming 
Voltage with 
Respect to Ground 
-2.0 V to +14.0 V(1) 


Integrated 
UV Erase Dose 
7258 W.sec/cm2 


Logic Options 


Combined Terms 


~ 


~ 


Logic 
1/0 
Option 
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*NOTICE: Stresses beyond those listed under "Absolute Maxi- 


mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Note: 
I. Minimum voltage is -0.6 V de whieh may undershoot to -2.0 


V for pulses of less than 20 ns. Maximum output pin voltage 
is Vcc+O.75 V de which may overshoot to +7.0 V for pulses 
of less than 20 ns. 


'6J--- From 
1/0 Pin 
======'6;;::1---0' 
=====:;;::'61---00 


___ 
'6~1---FromVO Pin 


======'6;;::1---0, 
=====::;;~oo 


~~~ 
D 
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Option 


ATV75D-20 
ATV750/L-25 
ATV750/L-30 
ATV750/L-35 
ATV750/L-40 


Operating 
Com. 
OOC- 70°C 
OOC- 70°C 
OOC- 70°C 
OOC- 70°C 


Temperature 
Ind. 
-40°C - 85°C 
-40°C - 85°C 
-40°C - 85°C 
-40°C - 85°C 
-40°C - 8SoC 
(Case) 


-55°C - 125°C 
-55°C - 125°C 
-55°C - 125°C 
-55°C - 125°C 
Mil. 
-55°C - 125°C 


Vcc Power Supply 
5 V± 
10% 
5V±10% 
5 V± 
10% 
5 V± 
10% 
5 V± 
10% 


Symbol 
Parameter 
Condition 
Mln 
Typ 
Max 
Units 


III 
Input Load Current 
VIN = -0.1 V to Vee+1 V 
10 
~ 


ILa 
Output Leakage 
VOUT= -0.1 V to Vee+0.1 V 
10 
~ 
Current 


Com. 
120 
mA 
ATV750 


Ice 
Power Supply 
VCC= 
MAX, 
Ind.,Mil. 
140 
mA 
Current 
VIN = GND, Outputs Open 
Com. 
1.0 
12 
mA 
ATV750L 
Ind.,Mil. 
1.0 
15 
mA 


lee2 (2) 
Clocked Power 
I = 1MHz, VCC = MAX, 
Com. 
15 
mA 
Supply Current 
Outputs Open 
ATV750L 
Ind.,Mil. 
20 
mA 


105(1) 
Output Short 
VOUT= 0.5 V 
-90 
mA 
Circuit Current 


VIL 
Input Low Voltage 
-0.6 
0.8 
V 


VIH 
Input High Voltage 
2.0 
Vcc+O.75 
V 


1m = 12 mA Com. ,Ind. 
0.5 
V 


VOL 
Output Low 
VIN = VIH or VIL 
IOL=8 mAMil. 
Voltage 
Vee = MIN 
0.5 
V 


10L= 24 mA, Com. 
1.0 
V 


Output High 
VIN = VIH or VIL 
IOH=-100~ 
Vee-0.3 
V 
VOH 
Voltage 
Vee= 
MIN 
10H= -4.0 mA 
2.4 
V• 


Notes: 
1. Not more than one output at a time should be shorted. 


Duration 
of short circuit test should not exceed 30 sec. 


24-Pln DIP 
1 
5 
8 
11 
13 
1/05 
Vec (24) 


Mode 
28-Pln JLCC 
2 
6 
10 
13 
16 
1/05 
Vcc (28) 


"EPLD" 
X (1) 
X 
X 
X 
X 
1/0 
5V 


Program 
Vpp 
XNH(2) 
X 
XNH 
Vpp 
DIN 
6V 


PGM Verily 
Vpp 
XNH 
X 
XNH 
VIL 
DOUT 
5V 


PGM Inhibit 
Vpp 
XNH 
X 
XNH 
VIH 
HighZ 
5-6V 


Preload #1 
X 
X 
VH 
X 
VIL 
DIN 
5V 


Preload #2 
X 
X 
VH 
X 
VIH 
DIN 
5V 


Notes: 
1. X can be VIL or Vrn. 
2. VH = 11.0 V to 14.0 V 
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ATV7So-30 
ATV7So-35 
ATV7So-40 


Symbol 
Parameter 
Min 
Max 
Min 
Max 
Min 
Max 
Units 


tpo 
Input or Feedback to Non-Registered 
Output 
30 
35 
40 
ns 


tEA 
Input to Output Enable 
30 
35 
40 
ns 


tER 
Input to Output Disable 
30 
35 
40 
ns 


tco 
Clock to Output 
5 
25 
10 
30 
10 
35 
ns 


tCF 
Clock to Feedback 
5 
10 
10 
12 
10 
15 
ns 


ts 
Input Setup Time 
15 
18 
20 
ns 


tH 
Hold Time 
5 
10 
15 
ns 


tp 
Clock Period 
25 
30 
35 
ns 


tw 
Clock Width 
12 
15 
17 
ns 


FMAX 
Maximum 
Frequency 
40 
33 
28 
MHz 


tAW 
Asynchronous 
Reset Width 
30 
35 
40 
ns 


tAR 
Asynchronous 
Reset Recovery Time 
30 
35 
40 
ns 


tAP 
Asynchronous 
Reset to Registered Output Reset 
30 
35 
40 
ns 


tsp 
Setup Time, Synchronous 
Preset 
15 
18 
20 
ns 


ATV75D-20 
ATV750/L·25 
ATV750L·30 


Symbol 
Parameter 
Min 
Max 
Min 
Max 
Min 
Max 
Units 


tPD 
Input or Feedback to Non-Registered 
Output 
20 
25 
30 
ns 


tEA 
Input to Output Enable 
20 
25 
30 
ns 


tER 
Input to Output Disable 
20 
25 
30 
ns 


tco 
Clock to Output 
20 
22 
5 
25 
ns 


tCF 
Clock to Feedback 
5 
10 
5 
10 
5 
10 
ns 


Is 
Input Setup Time 
10 
12 
15 
ns 


tSF 
Feedback Setup Time 
5 
7 
15 
ns 


tH 
Hold Time 
5 
5 
5 
ns 


tp 
Clock Period 
,. 
18 
22 
25 
ns 


tw 
Clock Width 
8 
10 
12 
ns 


FMAX 
Maximum 
Frequency 
55 
45 
40 
MHz 


tAW 
Asynchronous 
Reset Width 
15 
20 
30 
ns 


tAR 
Asynchronous 
Reset Recovery Time 
15 
20 
30 
ns 


tAP 
Asynchronous 
Reset to Registered Output Reset 
20 
25 
30 
ns 


tsp 
Setup Time, Synchronous 
Preset 
12 
15 
15 
ns • 
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Functional Logic Diagram ATV750, Lower Half 
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Preload of Registered Outputs 


The ATV750's 
registers 
are provided 
with circuitry to allow 
loading of each register asynchronously 
with either a high or a 


low. 
This feature will simplify testing since any state can be 
forced into the registers to control test sequencing. 
A Vrn level 


on the I/O pin will force the register high; a VIL will force it low, 


independent 
of the polarity bit 
(SO) setting. 
The PRELOAD 
state is entered by placing an 11 V to 14 V signal on pin 8 on 
DIPs, and pin 10 on SMPs. When the clock term is pulsed high, 
the data on the I/O pin is placed into the register chosen by the 
Select Pin. 


Level 
forced 
on 
registered 
output 
Select 
Register 
#1 state 
Register 
#2 State 
pin during 
PRELOAD 
cycle 
Pin State 
after cycle 
after cycle 


YIH 
Low 
High 
X 


YIL 
Low 
Low 
X 


YIH 
High 
X 
High 


YIL 
High 
X 
Low 


Power Up Reset 


The registers 
in the ATV750/L 
are designed 
to reset during 


power up. Ata point delayed slightly from Vcc crossing 3.8 V, 
all registers will be reset to the low state. The output state will 
depend on the polarity of the output buffer. 


This feature is critical for state machine initialization. 
How- 


ever, due to the asynchronous 
nature of reset and the uncertainty 
of how Vcc actually rises in the system, the following condi- 
tions are required: 


1) The Vcc rise must be monotonic, 


2) After reset occurs, all input and feedback setup times must 
be met before driving the clock term high, and 


3) 
The signals from which the clock is derived must remain 


stable during tPR. 


~ 


.8V 


POWER 
_ 


. 
IPR=) 
IS 


REGISTERED 
OUTPU_T_S__________ 
IS-1 


CLOCK -----\~\t= 
IW ~ 


Description 


I 


Power-Up 
Reset Time 


Typ 
Max 
Units 
Conditions 


CIN 
5 
B 
pF 
YIN = 0 Y 


COUT 
6 
B 
pF 
YOUT = 0 Y 


The ATV750's 
flexibility puts more usable gates in 24 pins than 
other EPLDs. The ATV750/L starts with an architecture similar 
to the popular AT22VlO, and adds several features: 


• 
Asynchronous 
Clocks - 
Each of the Flip-Flops 
in the ATV750/L 
has a dedicated 
product term driving the clock. The user is no longer con- 
strained to using one clock for all the registers. Buried state 
machines, 
counters, 
and registers can all coexist in one de- 


vice, while running on separate clocks. The ATV750/L clock 
period matches that of similar synchronous 
devices. 


• 
A Full Bank of 10 More Registers - 
The ATV750/L 
provides 
two Flip-Flops 
for each Output 
Macrocell - a total of 20. Each register has its own clock and 


Programming 
Software Support 


Software which is capable of transforming 
Boolean equations, 


state machine descriptions 
and truth tables into JEDEC files for 


the ATV750/L is available from the following sources: 


reset product terms, as well as its own SUM term. 


• 
Independent 
I/O Pin and Feedback Paths - 
Each I/O pin on the ATV750/L 
has a dedicated 
input path. 


Each of the 20 registers has individual 
feedback terms into 
the array. This feature, combined 
with individual 
product 
terms for each I/O's Output Enable, facilitates designs using 
bi-directional 
I/O buses. 


• Combinable 
Sum Terms - 


Each Output Macrocell' s two SUM terms can be combined in 
an OR gate before the Output or the Register. This provides 
up to 16 product terms per Output or Flip-Flop. 
This archi- 


tecture increases the number of usable gates available. 


Data I/O / Futurenet Corp. 
Logical Devices 
- ABEL 2.1, 3.0, and above 
- CUPL 2.15B, and above • 
Synchronous 
Preset and Asynchronous 
Reset 


One synchronous 
preset line is provided for all 20 registers in 
An individual asynchronous reset line is provided for each of the 


the ATV750/L. 
The appropriate input signals to cause the inter- 
20 Flip-Flops. 
Both Master and Slave halves of the Flip-Flops 
nal clocks to go to a high state must be received during a syn- 
are reset when the input signals received combine so as to force 


chronous preset. Appropriate 
setup and hold times must be met, 
the internal resets high. 


as shown in the switching waveform diagram. 


Security Fuse Usage 


A single fuse is provided to prevent unauthorized copying of the 
ATV750/L fuse patterns. Once programmed, 
the output buffers 
will remain in a high impedance state during verify. 


Erasure Characteristics 


The entire memory array of an ATV750/L is erased after expo- 
sure to ultraviolet 
light at a wavelength 
of 2537 A. Complete 


erasure 
is assured 
after a minimum 
of 20 minutes 
exposure 
using 12,000 .,.W/cm2 intensity 
lamps spaced one inch away 


from the chip. Minimum erase time for lamps at other intensity 


Atmel's 
Erasable 
Programmable 
Logic Devices utilize an ad- 


vanced 
1.5-micron 
CMOS 
EPROM 
technology. 
This 


technology's 
state of the art features are the optimum combina- 


tion for EPLDs: 


• CMOS technology provides high speed, low power, and high 
noise immunity. 


• EPROM 
technology 
is the most cost effective 
method for 


producing 
EPLDs - surpassing 
bipolar fusible link technol- 


The security fuse should be programmed 
last, as its effect is im- 
mediate. 


ratings can be calculated from the minimum integrated erasure 
dose of 15 W.sec/cm2. 
To prevent 
unintentional 
erasure, 
an 
opaque label is recommended 
to cover the clear window on any 


UV erasable EPLD which will be subjected to continuous fluo- 
rescent indoor lighting or sunlight. 


ogy 
in 
low 
cost, 
while 
providing 
the 
necessary 


reprogrammability. 


• EPROM 
reprogrammability, 
which is 100% tested before 


shipment, provides inherently better programmability 
and re- 


liability than one-time fusible PLDs. 


• 
Atmel's 
EPROM process 
has proven extremely 
reliable in 
the volume production 
of a full line of advanced 
EPROM 


memory products, from 64K to one-megabit 
devices. 
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V750L ICC vs FREQUENCY 


TA = 25C, VCC = 5V 
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tpo 
teo 
fMAX 
Ordering Code 
Package 
Operation 
Range 
(ns) 
(ns) 
(MHz) 


20 
18 
55 
ATV750-200C 
240W3 
Commercial 


ATV750-20FC 
24C 
(DOCto 70°C) 


ATV750-20GC 
2403 
ATV750-20JC 
28J 
ATV750-20KC 
28KW 
ATV750-20LC 
28LW 
ATV750-20NC 
28L 
ATV750-20PC 
24P3 
ATV750-208C 
248 
ATV750-20YC 
24CW 


ATV750-2001 
240W3 
Industrial 


ATV750-20FI 
24C 
(-40°C to 85°C) 


ATV750-20GI 
2403 
ATV750-20JI 
28J 
ATV750-20KI 
28KW 
ATV750-20Ll 
28LW 
ATV750-20NI 
28L 
ATV750-20PI 
24P3 
ATV750-2081 
248 
ATV750-20YI 
24CW 


ATV750-200M 
240W3 
Military 


ATV750-20FM 
24C 
(-55°C to 125°C) 


ATV750-20GM 
2803 
ATV750-20KM 
28KW 
ATV750-20LM 
28LW 
ATV750-20NM 
28L 
ATV750-20YM 
24CW 


ATV750-200M/883 
240W3 
Military/883C 


ATV750-20FM/883 
24C 
(-55°C to 125°C) 


ATV750-20GM/883 
2403 
Class B. Fully Compliant 


ATV750-20KM/883 
28KW 
ATV750-20LM/883 
28LW 
ATV750-20NM/883 
28L 
ATV750-20YM/883 
24CW 


25 
22 
45 
ATV750-250C 
240W3 
Commercial 


ATV750-25FC 
24C 
(O°C to 70°C) 


ATV750-25GC 
2403 
ATV750-25JC 
28J 
ATV750-25KC 
28KW 
ATV750-25LC 
28LW 
ATV750-25NC 
28L 
ATV750-25PC 
24P3 
ATV750-258C 
248 
ATV750-25YC 
24CW 
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tPD 
tca 
fMAX 
Ordering Code 
Package 
Operation Range 
(ns) 
(ns) 
(MHz) 


25 
22 
45 
ATV750-2501 
240W3 
Industrial 
ATV750-25FI 
24C 
(-40°C to 85°C) 
ATV750-25GI 
2403 
ATV750-25JI 
28J 
ATV750-25KI 
28KW 
ATV750-25L1 
28LW 
ATV750-25NI 
28L 
ATV750-25PI 
24P3 
ATV750-2581 
248 
ATV750-25YI 
24CW 


ATV750-250M 
240W3 
Military 
ATV750-25FM 
24C 
(-55°C to 125°C) 
ATV750-25GM 
2403 
ATV750-25KM 
28KW 
ATV750-25LM 
28LW 
ATV750-25NM 
28L 
ATV750-25YM 
24CW 


ATV750-250M/883 
240W3 
Military/883C 
ATV750-25FM/883 
24C 
(-55°C to 125°C) 
ATV750-25GM/883 
2403 
Class S, Fully Compliant 
ATV750-25KM/883 
28KW 
ATV750-25LM/883 
28LW 
ATV750-25NM/883 
28L 
ATV750-25YM/883 
24CW 


30 
25 
40 
ATV750-300C 
240W3 
Commercial 
ATV750-30FC 
24C 
(O°C to 70°C) 
ATV750-30GC 
2403 
ATV750-30JC 
28J 
ATV750-30KC 
28KW 
ATV750-30LC 
28LW 
ATV750-30NC 
28L 
ATV750-30PC 
24P3 
ATV750-308C 
248 
ATV750-30YC 
24CW 


ATV750-3001 
240W3 
Industrial 
ATV750-30FI 
24C 
(-40°C to 85°C) 
ATV750-30GI 
2403 
ATV750-30JI 
28J 
ATV750-30KI 
28KW 
ATV750-30Ll 
28LW 
ATV750-30NI 
28L 
ATV750-30PI 
24P3 
ATV750-3081 
248 
ATV750-30YI 
24CW 


tPD 
teo 
!MAX 
Ordering Code 
Package 
Operation 
Range 
(ns) 
(ns) 
(MHz) 


30 
25 
40 
ATV750-30DM 
24DW3 
Military 


ATV750-30FM 
24C 
(-55°C to 125°C) 


ATV750-30GM 
24D3 
ATV750-30KM 
28KW 
ATV750-30LM 
28LW 
ATV750-30NM 
28L 
ATV750-30YM 
24CW 


ATV750-30DM/883 
24DW3 
Military/883C 


ATV750-30FM/883 
24C 
(-55°C to 125°C) 


ATV750-30GM/883 
24D3 
Class B, Fully Compliant 


ATV750-30KM/883 
28KW 
ATV750-30LM/883 
28LW 
ATV750-30NM/883 
28L 
ATV750-30YM/883 
24CW 


35 
30 
33 
ATV750-35DC 
24DW3 
Commercial 


ATV750-35FC 
24C 
(O°C to 70°C) 


ATV750-35GC 
24D3 
ATV750-35JC 
28J 
ATV750-35KC 
28KW 
ATV750-35LC 
28LW 
ATV750-35NC 
28L 
ATV750-35PC 
24P3 
ATV750-358C 
248 
ATV750-35YC 
24CW 


ATV750-35DI 
24DW3 
Industrial 


ATV750-35FI 
24C 
(-40°C to 85°C) 


ATV750-35GI 
24D3 
ATV750-35JI 
28J 
ATV750-35KI 
28KW 
ATV750-35L1 
28LW 
ATV750-35NI 
28L 
ATV750-35PI 
24P3 
ATV750-3581 
248 
ATV750-35YI 
24CW 


ATV750-35DM 
24DW3 
Military 


ATV750-35FM 
24C 
(-55°C to 125°C) 


ATV750-35GM 
24D3 
ATV750-35KM 
28KW 
ATV750-35LM 
28LW 
ATV750-35NM 
28L 
ATV750-35YM 
24CW 


ATV750-35DM/883 
24DW3 
Military/883C 
ATV750-35FM/883 
24C 
(-55°C to 125°C) 


ATV750-35GM/883 
24D3 
Class B, Fully Compliant 


ATV750-35KM/883 
28KW 
ATV750-35LM/883 
28LW 
ATV750-35NM/883 
28L 
ATV750-35YM/883 
24CW 


• 
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tPD 
tco 
fMAX 
Ordering Code 
Package 
Operation Range 
(ns) 
(ns) 
(MHz) 


40 
35 
28 
ATV750-40DI 
24DW3 
Industrial 


ATV750-40FI 
24C 
(-40°C to 85°C) 


ATV750-40GI 
24D3 
ATV750-40JI 
28J 
ATV750-40KI 
28KW 
ATV750-40Ll 
28LW 
ATV750-40NI 
28L 
ATV750-40PI 
24P3 
ATV750-4051 
245 
ATV750-40YI 
24CW 


ATV750-40DM 
24DW3 
Military 


ATV750-40FM 
24C 
(-55°C to 125°C) 


ATV750-40GM 
24D3 
ATV750-40KM 
28KW 
ATV750-40LM 
28LW 
ATV750-40NM 
28L 
ATV750-40YM 
24CW 


ATV750-40DM/883 
24DW3 
Military/883C 


ATV750-40FM/883 
24C 
(-55°C to 125°C) 


ATV750-40GM/883 
24D3 
Class S, Fully Compliant 


ATV750-40KM/883 
28KW 
ATV750-40LM/883 
28LW 
ATV750-40NM/883 
28L 
ATV750-40YM/883 
24CW 


20 
18 
55 
5962-88726 
04 LX 
24DW3 
Military/883C 


5962-88726 
04 3X 
28LW 
(-55°C to 125°C) 


Class S, Fully Compliant 


25 
22 
45 
5962-88726 
03 LX 
24DW3 
Military/883C 


5962-88726 
03 3X 
28LW 
(-55°C to 125°C) 


Class S, Fully Compliant 


35 
30 
33 
5962-88726 
02 LX 
24DW3 
Military/883C 


5962-88726 
02 3X 
28LW 
(-55°C to 125°C) 


Class S, Fully Compliant 


40 
35 
28 
5962-88726 
01 LX 
24DW3 
Military/883C 


5962-88726 
01 3X 
28LW 
(-55°C to 125°C) 


Class S, Fully Compliant 


Package Type 


240W3 
24 Lead, 0.300· Wide, Windowed, Ceramic Duallnline 
Package (Cerdip) 


24C 
24 Lead, Non-Windowed, Ceramic Flat Package (Cerpack) 


2403 
24 Lead, 0.300· Wide, Non-Windowed (OTP) Ceramic Duallnline 
Package (Cerdip) 


28J 
28 Lead, Plastic J-Leaded Chip Carrier OTP (PLCC) 


28KW 
28 Lead, Windowed, Ceramic J-Leaded Chip Carrier (JLCC) 


28LW 
28 Pad, Windowed, Ceramic Leadless Chip Carrier (LCC) 


28L 
28 Pad, Non-Windowed, Ceramic Leadless Chip CarrierOTP 
(LCC) 


24P3 
24 Lead, 0.300· Wide, Plastic Duallnline 
Package OTP (PDIP) 


245 
24 Lead, 0.300· Wide, Plastic Gull Wing Small Outline OTP (SOIC) 


24CW 
24 Lead, Windowed, Ceramic Flat Package (Cerpack) 
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tpo 
tco 
fMAX 
Ordering Code 
Package 
Operation Range 
(ns) 
(ns) 
(MHz) 


25 
22 
45 
ATV750L-250C 
240W3 
Commercial 


ATV750 L-25 FC 
24C 
(O°C to 70°C) 


ATV750L-25GC 
2403 
ATV750L -25JC 
28J 
ATV750L-25KC 
28KW 
ATV750L-25LC 
28LW 
ATV750L-25NC 
28L 
ATV750L-25PC 
24P3 
ATV750L-25SC 
24S 
ATV750L-25YC 
-. 
24P3 


ATV750L -2501 
240W3 
Industrial 


ATV750L-25FI 
24C 
(-40°C to 85°C) 


ATV750L-25GI 
2403 
ATV750L-25JI 
28J 
ATV750L-25KI 
28KW 
ATV750L-25L1 
28LW 
ATV750L-25NI 
28L 
ATV750L-25PI 
24P3 
ATV750L-25SI 
24S 
ATV750L-25YI 
24CW 


ATV750L-250M 
240W3 
Military 


ATV750L-25FM 
24C 
(-55°C to 125°C) 


ATV750L-25GM 
2403 
ATV750L-25KM 
28KW 
ATV750L-25LM 
28LW 
ATV750L-25NM 
28L 
ATV750L-25YM 
24CW 


ATV750L-250M/883 
240W3 
Military/883C 


ATV750L-25FM/883 
24C 
(-55°C to 125°C) 


ATV750L -25GM/883 
2403 
Class B. Fully Compliant 


ATV750L-25KM/883 
28KW 
ATV750L -25LM/883 
28LW 
ATV750L -25NM/883 
28L 
ATV750L -25YM/883 
24CW 


30 
25 
40 
ATV750L-300C 
240W3 
Commercial 


ATV750L-30FC 
24C 
(O°C to 70°C) 


ATV750L-30GC 
2403 
ATV750L-30JC 
28J 
ATV750L-30KC 
28KW 
ATV750L-30LC 
28LW 
ATV750L-30NC 
28L 
ATV750L-30PC 
24P3 
ATV750L-30SC 
24S 
ATV750L-30YC 
24P3 


tPD 
tea 
fMAX 
Ordering Code 
Package 
Operation 
Range 
(ns) 
(ns) 
(MHz) 


30 
25 
40 
ATV750L-30DI 
24DW3 
Industrial 


ATV750L-30FI 
24C 
(-40°C to 85°C) 


ATV750L-30GI 
24D3 
ATV750L-30JI 
28J 
ATV750L-30KI 
28KW 
ATV750L-30Ll 
28LW 
ATV750L-30NI 
28L 
ATV750L-30PI 
24P3 
ATV750L-3081 
248 
ATV750L -30YI 
24CW 


ATV750L-30DM 
24DW3 
Military 


ATV750L-30FM 
24C 
(-55°C to 125°C) 


ATV750L-30GM 
24D3 
ATV750L-30KM 
28KW 
ATV750L-30LM 
28LW 
ATV750L-30NM 
28L 
ATV750L-30YM 
24CW 


ATV750L-30DM/883 
24DW3 
Military/883C 


ATV750L-30FM/883 
24C 
(-55°C to 125°C) 


ATV750L-30GM/883 
24D3 
Class S, Fully Compliant 


ATV750L -30KM/883 
28KW 
ATV750L -30LM/883 
28LW 
ATV750L-30NM/883 
28L 
ATV750L -30YM/883 
24CW 


25 
22 
45 
5962-88726 
07 LX 
24DW3 
Military/883C 


5962-88726 
07 3X 
28LW 
(-55°C to 125°C) 


Class S, Fully Compliant 


30 
25 
40 
5962-8872607 
LX 
24DW3 
Military1883C 


5962-88726 
07 3X 
28LW 
(-55°C to 125°C) 


Class S, Fully Compliant 


• 


Package 
Type 


240W3 
24 Lead, 0.300· Wide, Windowed, Ceramic Duallnline 
Package (Cerdip) 


24C 
24 Lead, Non-Windowed, Ceramic Flat Package (Cerpack) 


2403 
24 Lead, 0.300· Wide, Non-Windowed (OIP) Ceramic Duallnline 
Package (Cerdip) 


28J 
28 Lead, Plastic J-Leaded Chip Carrier OIP (PLCC) 


28KW 
28 Lead, Windowed, Ceramic J-Leaded Chip Carrier (JLCC) 


28LW 
28 Pad, Windowed, Ceramic Leadless Chip Carrier (LCC) 


28L 
28 Pad, Non-Windowed, Ceramic Leadless Chip Carrier OIP (LCC) 


24P3 
24 Lead, 0.300· Wide, Plastic Duallnline 
Package OIP (PDIP) 


245 
24 Lead, 0.300· Wide, Plastic Gull Wing Small Outline OIP (SOIC) 


24CW 
24 Lead, Windowed, Ceramic Flat Package (Cerpack) 
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Typical 
applications 
for first and second 
generation 
PLDs include address decoding 
and counting. Here is an example using the 
ATV750, a third generation PLD, to imple- 
ment a more complex counter. The follow- 
ing pages show example 
input listings for 
ABEUM and CUPUM. 


The frrst listing is for ABEUM 3.0. The sec- 
ondlisting 
is forCUPLTM 2.15b. 


This design uses all twenty flip-flops of the 
ATV750 
to build 
a 20-bit 
synchronous 
lasynchronous 
counter. With COUNT high 
and COUNTIO, PRESET, RESET, QISEL, 
and OE low, a I-MHz signal on the CLK pin 
will produce roughly a I-Hz signal on pin 
23. 


The unique 
architecture 
of the macrocell 
gives the ATV750 its versatility and also in- 
creases gate utilization. 
Each of the twenty 
registers has its Q and Q feeding back to the 
array. 


The Output 
Registers 
(QO's) can be ad- 
dressed 
directly 
(by 
the 
pin 
names 
in 
ABEUM; in CUPUM define PINNODES 35 
through 44). However, to access the Buried 
Registers 
(QI's), 
the corresponding 
nodes 
have to be named (nodes 26 through 35 in 
ABEUM, 
PINNODEs 
25 through 
34 in 
CUPUM). They are called BI4, BI5, ...B24 
to show the correspondence 
with their QO 
counterparts. 
Any valid 
identifier 
can be 
used as a node name. 


The ATV750 provides a global synchronous 
Preset which is accessible 
through the node 
definition 
or by 
extension. 
Each 
of the 
twenty flip-flops has its own clock, reset and 
sum term (not like a second generation PLD 
that allows only one clock and one reset for 
all registers). 
Use the '.CK' 
extension 
in 
conjunction 
with the named registers to de- 
fine the equations for the clock inputs for all 
the registers. 
Use the '.RE' 
command 
fol- 
lowing 
the named 
registers 
to define 
the 
reset terms. 


The ATV750 gives the user a total of eight 
choices to configure each output. The oper- 
ators ':=' and '=' inform ABEUMtheoutput 
is registered or combinatorial, 
respectively. 
In CUPUM, use of the .Q extension defines 
a registered 
output. Use the '!' operator to 
define an active low output; active high out- 
put is assumed by default. Another conve- 
nient method is to use the 'ISTYPE' 
state- 
ment (ABEUM only) to define the outputs 
as high/low 
and registered/combinatorial. 


(Note: the ATV22VlO 
is defined the same 
way.) 


The ATV750 has an advanced 
feature that 
lets the user combine or separate the sum 
terms in each macrocell. 
By default, 
the 
terms 
are 
combined. 
In 
CUPLTM and 
ABEUM, using the buried register automat- 
ically splits the sum terms. 


Sets (ABEUM) orfields (CUPUM) are often 
defined for ease of referencing 
a group of 
signals or constants. In this particular exam- 
ple, OUTS is a collection of outputs used in 
the OE definition. Out is a reserved word in 
CUPL, and Ouch was used instead. 


When PRESET 
and COUNT 
are asserted 
and the Clk pin goes high, all registers, even 
the asynchronously 
clocked ones, will go to 
the 'one' state. This is because as each flip- 
flop goes high, it forces the clock of the next 
flip-flop high, rippling the preset condition 
throughout the entire bank. To reset the out- 
put registers and the buried registers, simply 
have 
RESET 
high 
and 
vary 
!QISEL 
accordingly. 


The 0 registers pair with the corresponding 
B registers to form ten two-bit synchronous 
counters. These are clocked by the preced- 
ing pair's 
output, 
thus forming 
a 20-bit 
counter. The last product term for the '0' 
logic 
changes 
this device 
into 
a ten-bit 
counter with the output register mimicking 
the B registers. This provides observability, 
and a handy test mode. Test vectors take full 
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advantage 
of ABELTM's and CUPLTM's ability 
to simulate 
the 
device before programming. 
This feature can save hours of test- 


ing and enable 
the user to make the necessary 
changes 
in sec- 


ABEL TM Example 
module 
EX3 
title 
'20 
Bit 
Counter 
for 
Atmel's 
ATV750 
EX375 
device 
'P750'; 


Clk 
pin 
COUNT,COUNT10,PRESET 
pin 
RESET, 
Q1SEL 
, OE 
pin 
014,015,016,017,018 
pin 
019,020,021,022,023 
pin 
B14,B15,B16,B17,B18 
node 
B19,B20,B21,B22,B23 
node 
Nodes 
Description 
26 ..35 
Q1 
for 
pins 
14 to 
23 


1; 
2, 
3, 
4; 


5, 
11, 
13; 
14,15,16,17,18; 
19,20,21,22,23; 
26,27,28,29,30; 
31,32,33,34,35; 


OUTS=[023,022,021,020,019,018,017,016,015,014]; 
H,L,Z,C,X 
1,0, 
.Z., 
.C., 
.X.; 
Equations 
014.RE 
B14.RE 
015.RE 
B15.RE 
016.RE 
B16.RE 
017.RE 
B17.RE 
018.RE 
B18.RE 
019.RE 
B19.RE 
020.RE 
B20.RE 
021. RE 
B21. RE 
022.RE 
B22.RE 
023.RE 
B23.RE 
014.C 
B14.CK 
015.CK 
B15.CK 
016.CK 
B16.CK 
017.CK 
B17.CK 
018.CK 
B18.CK 
019.CK 
B19.CK 
020. CK 
B20. CK 
021. CK 
B21. CK 
022.CK 


014.Q 
B14 
& 
015.Q 
B15 
& 


016.Q 
B16 
& 
017.Q 
B17 
& 
018.Q 
B18 
& 
019.Q 
B19 
& 
020.Q 
B20 
& 
021.Q 
B21 
& 
022.Q 
B22 
& 


023.Q 
B23 
& 
Clk 
& 
Clk 
& 
014.Q 
014.Q 
015.Q 
015.Q 
016.Q 
016.Q 
017.Q 
017.Q 
018.Q 
018.Q 
019.Q 
019.Q 
020.Q 
020.Q 
021. Q 


& RESET 
RESET 
& 
& RESET 
RESET 
& 
& RESET 
RESET 
& 
& RESET 
RESET 
& 


& 
RESET 
RESET 
& 
& RESET 
RESET 
& 
& RESET 
RESET 
& 
& RESET 
RESET 
& 


& RESET 
RESET 
& 


& RESET 
RESET 
& 
COUNT; 
COUNT; 
"Synchronous 


& 
COUNT; 


& 
COUNT; 
"Asynchronous 


& 
COUNT; 


& 
COUNT; 


& 
COUNT; 


& COUNT; 


& 
COUNT; 


& 
COUNT; 
& COUNT; 


& 
COUNT; 


& COUNT; 
& COUNT; 


& 
COUNT; 


& 
COUNT; 


& 
COUNT; 


& 
!Q1SEL; 
Q1SEL; 


& 
!Q1SEL; 
Q1SEL; 


& 
!Q1SEL; 


Q1SEL; 


& 
1Q1SEL; 


Q1SEL; 


& 
!Q1SEL; 


Q1SEL; 


& 
tQ1SEL; 


Q1SEL; 


& 
tQ1SEL; 


Q1SEL; 


& 
!Q1SEL; 


Q1SEL; 


& 
!Q1SEL; 
Q1SEL; 


& 
!Q1SEL; 


Q1SEL; 


onds without ever leavmg 
hIs or her PC. Theretore, 
It IS highly 
recommended 
10 take the time to write a comprehensive 
set of 
test vectors; 
this will reduce the time spent on the test bench. 


023.CK 
B23.CK 
B14 
!014 


B15 
t015 


023.PR 
ENABLE 
OUTS 
End 


022.Q 
& COUNT; 
022.Q 
& COUNT; 


:= 
!B14; 
:= 
!014.Q 
& 
B14 
& 
lCOUNT10 


014.Q 
& 
tB14 
& 
!COUNT10 


!B14 
& COUNT10; 


:= 
tB15; 


:= 
t015.Q 
& 
B15 
& 
tCOUNTlO 
015.Q 
& 
1B15 
& 
!COUNT10 
1B15 
& COUNT10; 


:= 
1B16; 
:= 
!016.Q 
& 
B16 
& 
tCOUNT10 
* 
016.Q 
& 
!B16 
& 
tCOUNT10 
* 
1B16 
& 
COUNT10; 
:= 
!B17; 
:= 
!017.Q 
& 
B17 
& 
1COUNT10 
017.Q 
& 
!B17 
& 
!COUNT10 


tB17 
& COUNT10; 


:= 
!B18; 
:= 
!018.Q 
& 
B18 
& 
tCOUNT10 
018.Q 
& 
tB18 
& 
!COUNT10 


!B18 
& COUNT10; 


.- 
!B19; 


:= 
1019.Q 
& 
B19 
& 
!COUNT10 
019.Q 
& 
tB19 
& 
1COUNT10 
tB19 
& COUNT10; 
:= 
tB20; 
!020.Q 
& B20 
& 
tCOUNT10 
020.Q 
& 
!B20 
& 
!COUNT10 


!B20 
& 
COUNTlO; 


.- 
!B21; 


:= 
!021.Q 
& 
B21 
& 
!COUNT10 


021.Q 
& 
tB21 
& 
!COUNT10 


!B21 
& 
COUNTlO; 
:= 
!B22; 


:= 
!022.Q 
& B22 
& 
!COUNT10 
* 
022 .Q 
& 
!B22 
& 
!COUNT 10 
* 
tB22 
& 
COUNT10; 
:= 
tB23; 


.- 
1023.Q 
& B23 
& 
tCOUNT10 
* 
023.Q 
& 
!B23 
& 
tCOUNT10 
* 
1B23 
& COUNT10; 
PRESET; 
!OE; 


CUPL TM Example 


Name 
EX75; 
Company 
Atmel; 
Oevice 
V750; 


/*************.*****************************j 
1** 
Allowable 
Target 
Oevice 
Types 
:V750 
*1 


/*******************************************/ 


1**Inputs 
PIN 
[1 ..4] 
[Clk,COUNT,COUNT10,PRESET]; 
PIN 
[5,11,13] 
= 
RESET,Q1SEL,OE; 
1**Outputs**1 
PIN 
[14 ..23} 
= 
[Q14 ..Q23]; 
1* Pin 
Outputs*1 
I*The 
easiest 
way 
to 
access 
the 
buried 
nodes 
in 
CUPL*I 
I*Refer 
to 
the 
1/0 
pins 
by 
their 
pin 
names, 
and 
the 
*1 
1* QO 
and 
Q1 
outputs 
by 
their 
pinnode 
names*1 
PINNOOE 
[25 ..34] = 
[B14 ..B23}; 
1* Q1 
nodes*1 
field 
BEES 
[B23 ..B14}; 
I*Q1 
field*1 
field 
Ohi 
[023 ..019J; 
I*output 
hi 
field*1 
field 
010 
[018 ..014]; 
I*output 
low 
field*1 
field 
Ouch 
[023 ..014}; 
l*outputfield*1 


/** 
Logic 
Equations 
**/ 
1* 
The 
Asynch. 
Reset 
terms 
use 
the 
.AR 
extension·/ 
Q14.AR 
B14.AR 
Q15.AR 
B15.AR 
Q16.AR 
B16.AR 
Q17.AR 
B17.AR 
Q18.AR 
B18.AR 
Q19.AR 
B19.AR 
Q20.AR 
B20.AR 
Q21,AR 
B21, AR 


Q22.AR 
B22.AR 
Q23.AR 
B23.AR 
1* 
The 
Clock 
extension·/ 
Q14.CK 
B14.CK 
Q15.CK 
B15.CK 
Q16.CK 
B16.CK 
Q17.CK 
B17.CK 
Q18.CK 
B18.CK 
Q19.CK 
B19.CK 
Q20.CK 
B20.CK 


Q14 
& 
B14 
& 
Q15 
& 
B15 
& 
Q16 
& 
B16 
& 
Q17 
& 
B17 
& 
Q18 
& 
B18 
& 
Q19 
& 
B19 
& 
Q20 
& 
B20 
& 
Q21 
& 
B21 
& 
Q22 
& 
B22 
& 
Q23 
& 
B23 
& 
lines 
are 


Clk 
& 
Clk 
& 
Q14 
& 
Q14 
& 
Q15 
& 
Q15 
& 
Q16 
& 
Q16 
& 
Q17 
& 
Q17 
& 
Q18 
& 
Q18 
& 
Q19 
& 
Q19 
& 


RESET 
& 
RESET 
& 
RESET 
& 
RESET 
& 
RESET 
& 
RESET 
& 
RESET 
& 
RESET 
& 
RESET 
& 
RESET 
& 
RESET 
& 
RESET 
& 
RESET 
& 
RESET 
& 
RESET 
& 
RESET 
& 
RESET 
& 
RESET 
& 
RESET 
& 
RESET 
& 
accessed 


COUNT; 
COUNT; 
COUNT; 
COUNT; 
COUNT; 
COUNT; 
COUNT; 
COUNT; 
COUNT; 
COUNT; 
COUNT; 
COUNT; 
COUNT; 
COUNT; 


lQlSEL; 
QISEL; 
lQlSEL; 
QISEL; 
1QISEL; 
Q1SEL; 
1Q1SEL; 
Q1SEL; 
!Q1SEL; 
Q1SEL; 
lQ1SEL; 
Q1SEL; 
!Q1SEL; 
Q1SEL; 
lQ1SEL; 
Q1SEL; 
1Q1SEL; 
Q1SEL; 
1Q1SEL; 
Q1SEL; 
with 
the 


Q21.CK 
Q20 
& COUNT; 
B21.CK 
Q20 
& COUNT; 
Q22.CK 
Q21 
& COUNT; 
B22.CK 
Q21 
& COUNT; 
Q23.CK 
Q22 
& COUNT; 
B23.CK 
Q22 
& COUNT; 
B14.0 
1B14; 
Q14.0 
!Q14 
& 
B14 
& 
1COUNT10 
Q14 
& 
lB14 
& 
1COUNT10 


# 
lB14 
& 
COUNTI0; 
1* Equations 
for 
both 
the 
B and 
the 
Q 
automatically 
*I 
I*tells 
CUPL 
to 
set 
the 
'split' 
SUM 
term's 
architecture 
bit.*1 
B15.0 
!B15; 


Q15.0 
!Q15 
& B15 
& 
1COUNT10 
Q15 
& 
!B15 
& 
!COUNT10 
!B15 
& COUNT10; 
B16.0 
!B16; 
Q16.0 
!Q16 
& B16 
& 
!COUNT10 
Q16 
& 
!B16 
& 
!COUNT10 


!B16 
& COUNT10; 
• 


B17.0 
lB17; 


Q17.0 
lQ17 
& B17 
& 
!COUNT10 
Q17 
& 
!B17 
& 
!COUNT10 
lB17 
& COUNT10; 
B18.0 
!B18; 
Q18.0 
1Q18 
& B18 
& 
lCOUNT10 
# 
Q18 
& 
!B18 
& 
lCOUNT10 
# 
1B18 
& 
COUNT10; 
B19.0 
1B19; 
Q19.0 
1Q19 
& B19 
& 
1COUNT10 
Q19 
& 
!B19 
& 
1COUNTI0 
1B19 
& COUNT10; 
B20.0 
!B20; 
Q20.0 
!Q20 
& B20 
& 
1COUNT10 
Q20 
& 
lB20 
& 
1COUNTI0 
!B20 
& COUNT10; 
B21.0 
lB21; 
Q21.0 
lQ21 
& B21 
& 
!COUNT10 
# 
Q21 
& 
1B21 
& 
!COUNT 10 


# 
!B21 
& 
COUNT10; 
B22.0 
1B22; 
Q22.0 
!Q22 
& 
B22 
& 
1COUNT10 
Q22 
& 
lB22 
& 
!COUNT10 
!B22 
& COUNT10; 
B23.0 
!B23; 


Q23.0 
lQ23 
& B23 
& 
!COUNT10 
Q23 
& 
!B23 
& 
!COUNTIO 
!B23 
& COUNT10; 
/*Only 
one 
synch 
preset 
equation 
is 
required·/ 
023.SP 
PRESET; 


I*Use 
the 
.OE extension 
for 
the 
OE 
product 
term*1 
014.oe 
!OE 
019.oe=10E 
015.oe 
!OE 
020.oe~10E 
016.oe 
!OE 
021.oe=!OE 
017.oe 
!OE 
022.oe=10E 
018.oe 
10E 
023.oe=10E 
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• 
Low Vonage 
Programmable 
Logic 
Device 


Wide Power Supply 
Range· 
3.0 V to 5.5 V 


Ideal for Ba«ery 
Powered 
Systems 


• 
High Speed Operation 
25 ns Max Propagation 
Delay at Vce = 3.0 V 


• 
Low Power, Three-Volt 
CMOS Operation 


ATV750LVL 
ATV750LV 


Com. / MIl. 
Com. / Mil. 


4/7 
40/50 


12 
Input 
Pins 


Programmable 
Interconnect 
and 
Combinatorial 
logic 
Array 
• 


TemD. 


Ice (mA) 


• 
Flexible 
Output 
Logic 
20 Flip-Flops 
- 10 Extra 
All can 
Be Individually 
Burled 
or 10 Connected 
to I/O Pins 


Each has Individual 
Asynchronous 
ReseUnd 
Clock-Tenns 


• 
Multiple 
Feedback 
Paths Provide 
for Burled 
State MaChines 


and I/O Bus Compatibility 
. 
• 
Proven 
and Reliable 
High Speed CMOS EPROM Process 
{ 


2000 V ESD Protection.'·· 
200 mA Latchup 
Immunity 
~ 
.. 
• 
Reprogrammable 
- Tested 
100% for programmability 
. 
• 
24-pln, 
300-mll 
Dual-in-line 
and 2~Lead 
Surface 
Mount 
Packllg~s 


Description 


The ATV750LV 
and ATV750LVL 
are low voltage compatible 
CMOS high performance 


Erasable Programmable 
Logic Devices (EPLDs). Speeds down to 25 ns and power dissipation 


as low as 14.4 mW are offered. All speed ranges are specified over the 3.0 V to 5.5 V range. 
All pins offer a low ± 10 l:J,Aleakage. 


The ATV7S0LV/LVL 
provides 
the optimum power CMOS EPLD solution, with low D.C. 
power (1mA typical at Vcc= 
3.3 V) and full CMOS output levels. The ATV750LVL 
signif- 


icantlyreduces 
total system power, allowing battery powered operation. 
(Continued on next page) 


IN 
IN 
VCC 
VO 


IN 
2. 
Vcc 
IN 
va 
IN 
23 
va 
IN 
22 
va ,Oro 


IN 
2' 
va 
IN 
va 
IN 
20 
va 
IN 
va 


IN 
,. 
va 
• 
8 
22 
• 
IN 
'8 
va 
IN 
va 


IN 
17 
va 
IN 
va 


IN 
,. 
va 
IN 
va 


IN 
1. 
va 
1. 


IN 
,. 
va 


GNO 
'3 
IN 
IN 
110 
IN GND 
IN 
110 
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Pin Name 
Function 


IN 
Logic Inputs 


1/0 
Bidirectional Buffers 
. 
No Internal Connection 


VCC 
+SV Supply 


ATmEL 


Description (Continued) 
The ATV750L V/LVL is 100% more powerful than most other 
programmable 
logic 
devices 
in 24-pin 
packages. 
Increased 


Product terms, SUM Terms, and Flip-Flops translate into more 
usable gates. 


The ATV750LV/LVL 
has more flip-flops available than other 
EPLDs in this density range. Complex state machines are easily 
implemented. 


Product 
terms are available 
providing 
Asynchronous 
Resets, 


Flip-Flop clocks, and Output Enables. One reset and one clock 
term are provided per Flip-Flop, with one Enable term per out- 
put 
One product term provides 
a global synchronous 
Preset. 


Register Preload simplifies testing. The device has an internal 
power up clear function. 


Features 


• 
Third Generation Programmable Logic Structure 
Easily Achieves Gate Utilization Factors of 80 Percent 
• 
Increased Logic Flexibility 
86 Inputs and 72 Sum Terms 
• 
Flexible Output Macrocell 
48 Flip-Flops· 2 per Macrocell 
3 Sum Terms· can Be OR'ed and Shared 
• 
High Speed 
• 
Low Power· Less than 0.5 mA Typical (ATV2500L) 
• 
Multiple Feedback Paths Provide for Burled State Machines 
and 1/0 Bus Compatibility 
• 
Asynchronous Clocks and Resets 
Multiple Synchronous Presets· One per Four or Eight Flip-Flops 


• 
Proven and Reliable High Speed CMOSEPROMProcess 
2000V ESD Protection 
200 mA Latchup Immunity 
• 
Reprogrammable· Tested 100%for Programmability 
• 
4O-plnDual·ln·llne and 44·Lead Surface Mount Packages 
Block Diagram 


14 
Input 


Pins 


Programmable 
Interconnect 


and 
Combinatorial 


Logic Array 
241/0 


Pins 


48 
Flip-Flops 
24 
Output 
Macros 


Description 


The ATV2500H/L 
is the most powerful 
programmable 
logic device available 
in a 40 pin 
package. Increased 
Product 
terms, Sum Terms, and Flip-Flops 
translate 
into many more 
usable gates. High gate utilization is easily obtainable. 


The ATV2500H/L 
is organized around a global bus. All pin and feedback terms are always 
available 
to every Logic Cell. Each of the 38 logic pins and their complements 
are array 
inputs, as well as the true and false outputs of each of the 48 Flip-Flops. 


There are 416 Product Terms available. Four Product Terms are input to each Sum Term. The 
three Sum terms per Logic Cell can be combined to provide up to 12 Product Terms, Combi- 
natorial and Registered. 
Independent 
of output configuration, 
the two Flip-Flops are always 
usable, and always have at least four Product Term inputs. 


Product terms are available 
providing 
Asynchronous 
Resets, Flip-Flop clocks, and Output 
Enables. One reset and one clock term are provided per F1ip,F1op, with one Enable term per 
output. Eight product terms provide local Synchronous Presets, divided up into banks of four 
and eight Flip-Flops. Register Preload and buried register observability 
simplify testing. The 
device has an internal power up clear function. 


High Density 
UV Erasable 
Programmable 
Logic Device 


• 


Pin Name 
Function 


IN 
Logic Inputs 


110 
Bidirectional Buffers 


110,0,2,4 .. 
'Even' 110 Buffers 


1/0,1,3,5 .. 
"Odd" 110 Buffers 
. 
No Internal 
Connection 


VCC 
+5 V Supply 


IN 
IN 


IN 
IN 
1100 


IN 
IN 
",>1 
IN 
""" 
1100 
IN 
1101 
1106 
1102 
1107 
1102 
1107 
1103 
1106 
1103 
1108 
110< 
110' 
110< 
110. 
110. 
11010 
110. 
11010 
v", 
11011 
v", 
10 
11011 
v", 
12 
34 
aND 
11017 
30 
aND 
11017 
aND 
11016 
11023 
11016 
11023 
11015 
11022 
11015 
11022 


1101' 
11021 
1101. 
11021 
11013 
11020 
11013 
11020 
11012 
1101. 
23 


IN 
1/018 


""'2 
IN 
""'9 
IN 
IN 


""'8 
IN 
IN 


IN 
20 
21 
IN 
·.NoCom.a 
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A1IDEL 


PIN. 
(DtP,JLCC) 


(17,19) 
(1S,20) 
(19,21) 
(20,22) 
(21,23) 
(22,24) 
(23,25) 


(3,3) 
(2,2) 


(1,1) 
(40,44) 
(38,43) 
(38,42) 
(37,41) 


0-5 
.····~11 
...... 


12-17.. 


.···18-23 


••····24.29 
.····~35 


...... 


68-~•• 


62-67 ••• 


56-61 •••••• 
.. 


50-55 
•••• 


...... 


1'110-23(29,32) 
I 
I 
I 
I 
I 
I 
-----~ 


- 
- 
- 
- 
- 
- 
.J 110-22 (28,31) 


SP7 
172'0 
,r-'- 
- 
- 
- 
- 
- 
- 
':0 


- 
- 
- 
- 
- 
- 
- 
-i 110-21 (27,30) 
CO 


- 
- 
- 
- 
- 
- 
-i 110-20 (26,29) 
CO 
-- 
~19 
(25,28) 


172'0 
I 
_ 
_ 
_ 
_ 
__ 
.J11O-1S (24,27) 


SPS 


t 


~ 


172 
r:: 
t 


~ 
172 6 I 


172 6 
I 


172 6 
I 


172 D 
1 


172'6 
I 


172'0 
I 


172 6 


172 6 


172'6 


172'0 


172'0 


172'6 


172 6 


172'0 


-------'-0 


--------i11O- 
17 (11,13) 


--- 
--_J1J 
16 
(12,14) 


SP5 
-------',.a 
-------1110- 
15 (13,15) 
CO 


--------i11O- 
14 (14,16) 
CO 
------~ 
13 (15,17) 


--- 
___ 
JIIO- 12 (16,lS) 


SP4 
-------'-0 


-------i11O-11 
(31,35) 
CO 


- 
- 
- 
T: 
- 
- 
- 
Jl1O-10 
(32,36) 


SP3 
-~- - 
- 
- 
- 
- 
- 
':0 


- 
- 
- 
- 
- 
- 
-i 110-9 (33,37) 
CO 
_______ 
~ 
(34,38) 


______ 
~7 
(35,38) 


~ _ 
_ 
_ 
_ 
__ 
J 
110-6 (36,40) 


SP2 
-------'-0 


-------i 
110-5 (9,10) 


___ 
- 
__ 
J~4 
(S,9) 


SPl 


- - ======~3 
(7,S) 
CO 


--------i 
110-2 (6,7) 
CO 
______ 
~ 
(5,6) 


_ _ _ 
_ __ 
J IlO-O 
(4,5) 


SPO 


... 


104-109 
••- 


110-115 
•••••• 


116-121 
•••••• 


166-171 
.-.. 


160-165••••••• 
• 6 


154-159 


148·153 
••••• 
6 


142-147 
••••• 
.. 
.... 


136-141 
...... 


•••••• 
So-85 


••••74-79 
.. 


Functional Logic Diagram Description 


The ATV2500H/L 
Functional Logic Diagram describes the in- 


terconnections 
between 
the input, 
feedback 
pins and Logic 
Cells. All interconnections 
are routed through the Global Bus. 


The ATV2500H/L 
is a straightforward 
and uniform EPLD. The 


24 Macrocells are numbered 0 through 23. Each Macrocell con- 
tains 17 AND gates. 
All AND gates have 172 inputs. 
The five 


lower product terms provide ARI, CKI, 
CK2, AR2, and OE. 


These are: one asynchronous 
reset and clock per Flip-Flop, and 


an Output Enable. 
The top 12 product terms are grouped into 


three sum terms, which are used as shown in the Macrocell dia- 
grams. 


Eight Synchronous 
Preset terms are distributed in a 2/4 pattern. 


The first four Macrocells share Preset 0, the next two share Pre- 
set I, and so on, ending with the last two Macrocells 
sharing 


Preset 7. 


The 14 dedicated 
inputs and their complements 
use the num- 


bered positions in the global bus as shown. Each Macrocell pro- 
vides six inputs to the global bus: 
(left to right) Flip-Flop Q2 


true and false, Flip-Flop QI true and false, and the pin true and 
false. The positions occupied by these signals in the Global Bus 
are the six numbers in the bus diagram next to each Macrocell. 


Temperature 
Under Bias 
-SSoC to +12SoC 


Storage Temperature 
-6SoC to +1S0oC 


Voltage on Any Pin with 
Respect to Ground 
-2.0 V to +7.0 VII) 


Voltage on Input Pins 
with Respect to Ground 
During Programming 
-2.0 V to +14.0 V(1) 


Programming 
Voltage with 
Respect to Ground 
-2.0 V to +14.0 VII) 


Integrated UV Erase Dose 
72S8 W.sec/cm2 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 


mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
• 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Note: 
1. Minimum voltage is -0.6 V dc which may undershoot to -2.0 


V for pulses of less than 20 ns. Maximum output pin voltage 
is Vcc+O.75 V dc which may overshoot to +7.0 V for pulses 
of less than 20 ns. 


4O-Pln DIP 
21 
2 
38 
23 
20 
Vcc(10) 
Odd 
Even 


Mode 
44·Pln 
JLCC 
23 
2 
42 
25 
22 
Vcc(11,12) 
I/Os 
I/Os 


MEPLD" 
XlI) 
X 
X 
X 
X 
SV 
I/O 
I/O 


Program 
Vpp 
X 
X 
X 
VH (2) 
6V 
DIN 
N.C. 


PGM Verify 
Vpp 
X 
X 
X 
VIL 
6V 
Dour 
VOH 


PGM Inhibit 
Vpp 
X 
X 
X 
VIH 
6V 
HighZ 
HighZ 


Preload 01 
JL. 
X 
VH 
VIUVIH 
VIL 
SV 
DIN(EvenlOdd) 
VIH 


Preload 02 
JL. 
X 
VH 
VIUVIH 
VIH 
SV 
DIN(EvenlOdd) 
VIH 


Observe 02 
X 
VH 
X 
X 
X 
SV 
Dour 
Dour 


Notes: \. X can be VILor VIH. 
2. VH= 11.0 V to 14.0 V 


AlmEL 


___ ~_J--Ol 
=====~~J--02 


Terms In 


82 
81 
SO 
01 
02 
Output Configuration 


0 
0 
0 
8 
4 
Registered (01) 


0 
1 
0 
12 
4(') 
Registered (01) 


53 
Output Configuration 


0 
Active Low 


1 
Active High 


Terms In 


82 
81 
SO 
01 
02 
Output Configuration 


1 
0 
0 
4(1) 
4 
Combinatorial (8 Terms) 


1 
0 
1 
4 
4 
Combinatorial (4 Terms) 


1 
1 
0 
4(1) 
4(1) 
Combinatorial (12 Terms) 


53 
Output Configuration 


0 
Active Low 


1 
Active High 


ATV2500H-25 
ATV2500H/L-30 
ATV2500H/L-35 
ATV2500L-40 
ATV2500L·45 


Operating 
Com. 
oOe - lOoe 
oOe -lOoe 
oOe -lOoe 
oOe -lOoe 


Temperature 
Ind. 
-40oe - 8Soe 
-40°C - 8Soe 
-40°C - 8Soe 
-40°C - 8Soe 
-40°C - 8Soe 
(Case) 
-ssoe - 12Soe 
-ssoe - 12Soe 
-ssoe - 12Soe 
-ssoe - 12Soe 
-ssoe - 12Soe 
Mil. 


VCC Power Supply 
S V± 
10% 
S V± 
10% 
S V± 
10% 
S V± 10% 
S V± 
10% 


Symbol 
Parameter 
Condition 
Mln 
Typ 
Max 
UnRs 


III 
Input Load Current 
VIN=-0.1 
VtoVcc+1 
V 
10 
~ 


ILO 
Output Leakage 
VOUT= -0.1 V to Vcc+0.1 
V 
10 
~ 
Current 


Com. 
1.0 
5 
mA 


Vcc= 
MAX, 
ATV2500L 


Icc 
Power Supply 
VIN = GND or Vcc 
Ind.,Mil. 
1.0 
10 
mA 


Current 
Outputs Open 
Com. 
80 
160 
mA 


ATV2500H 
Ind.,Mil. 
80 
180 
mA 


Clocked Power 
f = 1MHz, 
Com. 
10 
15 
mA 
ICC2 
Supply Current 
Vcc = MAX 


(ATV2500L) 
Outputs Open 
Ind.,Mil. 
10 
20 
mA 


105(1) 
Output Short 
VOUT= 0.5 V 
-90 
mA 
Circuit Current 


Vll 
Input Low Voltage 
- 
-0.6 
0.8 
V 


VIH 
Input High Voltage 
.. 


2.0 
Vcc+0.75 
V 
-~- 
~~ 


VOL 
Output Low Voltage 
VIN = VIH or Vll, 
0.5 
V 
IOl = 8 mA Com,lnd; 6 mA Mil. 


IOH= -100 !,A 
Vcc-0.3 
V 
VOH 
Output High Voltage 
IOH= -4.0 mA 
2.4 
V • 


Notes: 
1. Not more than one output at a time should be shorted. Duration of short circuit test should not exceed 30 see.This parameter is 
only sampled and is not 100% tested. See Absolute Maximum Ratings. 


Typ 
Max 
UnRs 
Conditions 


CIN 
4 
6 
pF 
VIN = 0 V 


COUT 
8 
12 
pF 
VOUT= 0 V 
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INPUTS,I/O 
REG. FEEDBACK 
SYNCH. 
P 


ATV2500L-30 
ATV2500L-35 
ATV2500L-40 
ATV2500L-45 


Symbol 
Parameter 
Min 
Max 
Min 
Max 
Min 
Max 
Min 
Max 
Unns 


tPD 
Input or Feedback to 
30 
35 
40 
45 
ns 
Non-Registered 
Output 


tEA 
Input to Output Enable 
30 
35 
40 
45 
ns 


tER 
Input to Output Disable 
30 
35 
40 
45 
ns 


tco 
Clock to OUtput 
5 
30 
5 
35 
5 
40 
5 
45 
ns 


tCF 
Clock to Feedback 
10 
20 
15 
20 
15 
22 
15 
25 
ns 


t511 
Input Setup Time, Output 
20 
22 
25 
30 
ns 
Register 


t512 
Input Setup 
5 
5 
5 
5 
ns 
Time, Buried Registe~1) 


!sF 
Feedback Setup Time 
10 
15 
18 
20 
ns 


tH1 
Hold Time, Output Register 
10 
15 
15 
15 
ns 


tH2 
Hold Time. Buried Register(1) 
5 
5 
5 
5 
ns 


tw 
Clock Width 
12 
15 
17 
20 
ns 


tp 
Clock Period 
30 
35 
40 
45 
ns 


FMAX 
Maximum 
Frequency (l/1p) 
33 
28 
25 
22 
MHz 


lAw 
Asynchronous 
Reset Width 
18 
20 
22 
25 
ns 


IAR 
Asynchronous 
Reset 
18 
20 
22 
25 
ns 
Recovery Time 


lAp 
Asynchronous 
Reset to 
30 
35 
40 
45 
ns 
Registered Output Reset 


ATV2500H-25 
ATV2500H-30 
ATV2500H-35 


Symbol 
Parameter 
Min 
Max 
Min 
Max 
Min 
Max 
Units 


tPD 
Input or Feedback to 
25 
30 
35 
ns 
Non-Registered 
Output 


tEA 
Input to Output Enable 
25 
30 
35 
ns 


tER 
Input to Output Disable 
25 
30 
35 
ns 


tco 
Clock to Output 
10 
25 
12 
30 
15 
35 
ns 


tCF 
Clock to Feedback 
10 
18 
12 
20 
15 
20 
ns 


tsl1 
Input Setup 
10 
12 
15 
ns 
Time, Output Register 


tSI2 
Input Setup 
5 
5 
5 
ns 
Time, Buried Registe~1) 


tSF 
Feedback Setup Time 
7 
10 
15 
ns 


tH1 
Hold Time 
5 
5 
5 
ns 


tw 
Clock Width 
10 
12 
15 
ns 


tp 
Clock Period 
25 
30 
35 
ns 


FMAX 
Maximum 
Frequency (1/tp) 
40 
33 
28 
MHz 


tAw 
Asynchronous 
Reset 
15 
18 
20 
ns 
Width 


tAR 
Asynchronous 
Reset 
15 
18 
20 
ns 
Recovery Time 


tAp 
Asynchronous 
Reset to 
25 
30 
35 
ns 
Registered 
Output Reset 
• 


Input Test Waveforms and 
Measurement 
Levels 


< 


3.0V 


AC 


DRIVING 
LEVELS 


O.OV 


AC 
MEASUREMENT 
LEVEL 


5.0V 


R1= 
450h 
(580 MIL.) 
OUTPUT 
PIN 


R2=250 
I' CL=50pF 


(280 MIL.) 
"9 
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Preload and Observability 
of Registered Outputs 


The ATV2500H/L's 
registers 
are provided 
with circuitry 
to 
term is pulsed high, (pin 21 on the DIP, pin 23 on the SMP) the 
allow loading of each register asynchronously 
with either a high 
data on the I/O pins is placed into the 12 registers chosen by the 
or a low. This feature will simplify testing since any state can be 
Q Select and Even/Odd Select Pins. 
forced into the registers to control test sequencing. A VIH level 
Register 2 Observability 
Mode is entered by placing an 11 V to 
on the Odd I/O pins will force the appropriate 
register high; a 
14 V signal on pin 2 (DIP or SMP). In this mode, the contents 
VIL will force it low, independent 
of the polarity or other con- 
of the Buried Register bank will appear on the associated out- 
figuration bit settings. 
puts when the OE control signals are active. 


The PRELOAD 
state is entered by placing an 11 V to 14 V sig- 
nal on pin 38 on the DIP and pin 42 on the SMP. When the clock 


I--- 
to 
to 
to 
to 
tD- 
tOMI 
VH 1/ 
AD 
\ 


ERED 
S 
OUTPUT 
PRELOAD ENA. 
FORCEI/O'S 
PRELOAD DATA 
VOLTAGE 
PRELOAD 


Level forced 
on 
Q Select 
Evenl 
EvenQ1 
EvenQ2 
OddQ1 
OddQ2 
Odd 
1/0 pin during 
Pin 
Odd 
state after 
state after 
state after 
state after 
PRELOAD 
cycle. 
State 
Select 
cycle 
cycle 
cycle 
cycle 


VIH 
Low 
Low 
High 
X 
X 
X 


VIL 
Low 
Low 
Low 
X 
X 
X 


VIH 
High 
Low 
X 
High 
X 
X 


VIL 
High 
Low 
X 
Low 
X 
X 


VIH 
Low 
High 
X 
X 
High 
X 


VIL 
Low 
High 
X 
X 
Low 
X 


VIH 
High 
High 
X 
X 
X 
High 


VIL 
High 
High 
X 
X 
X 
Low 


Power Up Reset 


The registers in the ATV2500H/L 
are designed to reset during 
power up. At a point delayed slightly from Vcc crossing 3.8 V, 
all registers will be reset to the low state. The output state will 
depend on the polarity of the output buffer. 


This feature is critical for state machine initialization. However, 
due to the asynchronous 
nature of reset and the uncertainty of 
how Vcc actually rises in the system, the following conditions 
are required: 


1) The Vcc rise must be monotonic, 


2) After reset occurs, all input and feedback setup times must 
be met before driving the clock term high, and 


3) 
The signals from which the clock is derived must remain 
stable during tPR. 


~ 


.8V 


POWER 
_ 


. 
tPR==ttS 
REGISTERED 
OUTPU_T_S__________ 
tS-j 


CLOCK ----~\~\~t= 
tw-r- 


Description 


I Power-Up 
I Reset Time 


Security Fuse Usage 


A single fuse is provided to prevent unauthorized copying of the 
ATV2500H/L 
fuse patterns. 
Once programmed, 
the outputs 
will read programmed 
during verify. 
The security fuse should 


Atrnel's Erasable Programmable 
Logic Devices utilize an ad- 
vanced 
1.25-micron 
CMOS 
EPROM 
technology. 
This 
technology's 
state of the art features are the optimum combina- 


tion for EPLDs: 


• CMOS technology provides high speed, low power, and high 
noise immunity. 


• EPROM 
technology 
is the most cost effective 
method for 
producing 
EPLDs - surpassing bipolar fusible link technol- 


be programmed 
last, as its effect is immediate. 


The security fuse also inhibits Preload and Q2 observability. 


ogy 
in 
low 
cost, 
while 
providing 
the 
necessary 
reprogrammability. 


• EPROM 
reprogrammability, 
which is 100% tested before 
shipment, provides inherently better programmability 
and re- 


liability than one-time fusible PLDs. 


• 
Atrnel's 
EPROM process 
has proven extremely 
reliable in 


the volume production 
of a full line of advanced 
EPROM 


memory products, from 64K to one-megabit 
devices. 


Using The ATV2500's 
Many Advanced Features 


The ATV2500H/L's 
flexibility 
puts more usable gates in 40 
array. This feature, combined with individual product terms for. 


pins than other EPLDs. Some of the ATV2500H/L's 
key fea- 
each I/O's 
Output Enable, 
facilitates 
designs 
using bi-direc- 
tures are: 
tionall/O 
buses. 


• Asynchronous 
Clocks - 


Each of the Flip-Flops 
in the ATV2500H/L 
has a dedicated 
product 
term driving 
the clock. The user is no longer con- 


strained to using one clock for all the registers. Buried state ma- 
chines, counters, 
and registers 
can all coexist in one device, 
while running on separate clocks. The ATV2500H/L 
clock pe- 
riod matches that of similar synchronous 
devices. 


• 
A Total of 48 Registers - 


The ATV2500H/L 
provides 
two Flip-Flops 
for each Output 
Macrocell 
- a total of 48. 
Each register has its own clock and 
reset product terms, as well as its own SUM term. 


• Independent 
I/O Pin and Feedback Paths - 


Each I/O pin on the ATV2500/H 
has a dedicated 
input path. 
Each of the 48 registers has individual feedback terms into the 


Programming 
Software Support 


Software which is capable of transforming 
Boolean equations, 
state machine descriptions 
and truth tables into JEDEC files for 
the ATV2500H/L 
is currently 
available 
from the following 
sources: 


The entire memory array of an ATV2500H/L 
is erased after ex- 
posure to ultraviolet light at a wavelength of 2537 A. Complete 
erasure 
is assured 
after a minimum 
of 20 minutes 
exposure 
using 12,000 )J.W/cm2 intensity 
lamps spaced one inch away 
from the chip. Minimum erase time for lamps at other intensity 


• Three Sum Terms per Macrocell- 


The ATV2500H/L 
Macrocell can be configured 
with one Sum 


term feeding the output, and still have two Sum terms feeding 
the Flip-Flops. This is the simplest method for interfacing with 
an I/O bus, and no Flip-Flops need be sacrificed. 


• Combinable 
Sum Terms - 


Each Output Macrocell's 
three SUM terms can be combined in 
an OR gate before the Output or the Register. 
This provides up 


to 12 product terms per Output or Flip-Flop. 
When the Regis- 


tered Output configuration 
is chosen, eight terms are automati- 
cally available to D 1. The four terms feeding D2 can also be 
shared with DI, giving it a total of 12. In the combinatorial 
mode, four, eight, or 12 terms can feed the output, with the mid- 
dle four still driving DI and the bottom four still driving D2. 


Data I/O / Futurenet Corp. 
Logical Devices 
AtmelCorp. 


- ABELTM4.0 and above 
- CUPL 3.0 and above 
-Atrnel-ABEL-4 


ratings can be calculated 
from the minimum integrated erasure 
dose of 15 W.sec/cm2. To prevent 
unintentional 
erasure, 
an 
opaque label is recommended 
to cover the clear window on any 
UV erasable EPLD which will be subjected to continuous 
fluo- 
rescent indoor lighting or sunlight. 
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SUPPLY CURRENT vs. INPUT FREQUENCY 


TA = 25C, VCC = 5V 


S 
90 


U 
P 
P 
L 
y 
60 


c 
U 
R 


: 
30 


N 
T 


No 
R 
•• 
1.1 


A 
L 
I 
Z 
E 
D 


6 
9 
12 
15 
18 
INPUT FREQUENCY (MHz) 


SUPPLY CURRENT 
VS. SUPPLY VOLTAGE 


f=OHZ,TA=25C 
SUPPLY CURRENTvs. 
SUPPLY VOLTAGE 


f = 20 MHz, TA = 25C 


S 
0.13 


U 
P 
p 
L 
y 
0.10 


C 
U 
R 
R 
E 
N 
T 


S 
120 
U 
P 
110 
P 


~ 
100 


o 
U 
23 


T 
p 
U 
22 


T 


C 
21 


U 


R 
20 


R 
E 
N 
19 
T 


o 
U 
80 
T 
p 


U 
80 
T 


c 
U 
40 


R 
R 


= 
20 
T 


o 


U 
T 
P 
·10 


U 
T 
-20 


o 
U 
T 
p 


U 
T 
.15 


C 
U 
R 


R 
-30 


E 
N 
T 


C 
-30 


U 
R 
-40 
R 
E 
-SO 


N 
T 
-60 


ATV2500H/L 


NORMALIZED TPD 
NORMALIZED TPD 


VS. SUPPLY VOLTAGE 
VS. TEMPERATURE 
1.3 


N 
1.3 
N 


0 
0 


r 
1.2 
r 
1.2 
m 
m 
• 
· 
I 
1.1 
I 


I 
I 
1.1 
• 
• 
• 
1.0 
• 
d 
d 
1.0 


T 
0.9 
T 
P 
P 
D 
D 
0.8 
0.9 


4.0 
4.5 
5.0 
5.5 
8.0 
-55 
-25 
5 
35 
85 
95 
125 
Supply Voltage (V) 
Ambient Temperature (C) 


NORMALIZED TCO 
NORMALIZED TCO 


VS. SUPPLY VOLTAGE 
VS. TEMPERATURE 
1.3 
N 
1.3 
N 
0 
0 


r 
1.2 
r 
m 
1.2 
m 
• 
· 
• 


I 
1.1 
I 


I 
I 
1.1 
z 
z 
• 
1.0 
· 
d 
d 
1.0 


T 
0.9 
T 
C 
C 
0 
0 
0.8 
0.9 


4.0 
4.5 
5.0 
5.5 
8.0 
-55 
-25 
5 
35 
85 
95 
125 
Supply Voltage (V) 
Ambient Temperature (C) 


DELTA TPD VS. OUTPUT LOADING 
DELTA TCO VS. OUTPUT LOADING 


TA = 25C, VCC = 5V 
TA = 25C, VCC = 5V 


20 
20 


D 
D 
• 
15 
• 
15 
I 
I 
t 
t 
• 
10 
10 


T 
T 
P 
C 
D 
0 


100 
200 
300 
400 
100 
200 
300 
400 
Output Load Oigincld) Capacitance pF 
Output Load (jig incld) Capacitance pF 
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tPD 
tca 
fMAX 
Ordering Code 
Package 
Operation Range 
(ns) 
(ns) 
(MHz) 


25 
25 
40 
ATV2500H-25DC 
40DW6 
Commercial 


ATV2500H-25JC 
44J 
(O°C to 70°C) 


ATV2500H-25KC 
44KW 
ATV2500H-25LC 
44LW 
ATV2500H-25PC 
40P6 


ATV2500H-25DI 
40DW6 
Industrial 


ATV2500H-25J I 
44J 
(-40°C to 85°C) 


ATV2500H-25KI 
44KW 
ATV2500H-25L1 
44LW 
ATV2500H-25PI 
40P6 


ATV2500H-25DM 
40DW6 
Military 


ATV2500H-25KM 
44KW 
(-55°C to 125°C) 


ATV2500H-25LM 
44LW 


ATV2500H-25DM/883 
40DW6 
Military/883C 


ATV2500H-25KM/883 
44KW 
(-55°C to 125°C) 


ATV2500H-25LM/883 
44LW 
Class B, Fully Compliant 


30 
30 
33 
ATV2500H-30DC 
40DW6 
Commercial 


ATV2500H-30JC 
44J 
(O°C to 70°C) 


ATV2500H-30KC 
44KW 
ATV2500H-30LC 
44LW 
ATV2500H-30PC 
40P6 


ATV2500H-30DI 
40DW6 
Industrial 


ATV2500H-30JI 
44J 
(-40°C to 85°C) 


ATV2500H-30KI 
44KW 
ATV2500H-30Ll 
44LW 
ATV2500H-30PI 
40P6 


ATV2500H-30DM 
40DW6 
Military 


ATV2500H-30KM 
44KW 
(-55°C to 125°C) 


ATV2500H-30LM 
44LW 


ATV2500H-30DM/883 
40DW6 
Military/883C 


ATV2500H-30KM/883 
44KW 
(-55°C to 125°C) 


ATV2500H-30LM/883 
44LW 
Class B, Fully Compliant 


35 
35 
28 
ATV2500H-35DC 
40DW6 
Commercial 


ATV2500H-35JC 
44J 
(O°C to 70°C) 


ATV2500H-35KC 
44KW 
ATV2500H-35LC 
44LW 
ATV2500H-35PC 
40P6 


ATV2500H-35DI 
40DW6 
Industrial 


ATV2500H-35JI 
44J 
(-40°C to 85°C) 


ATV2500H-35KI 
44KW 
ATV2500H-35L1 
44LW 
ATV2500H-35PI 
40P6 


ATV2500H-35DM 
40DW6 
Military 


ATV2500H-35KM 
44KW 
(-55°C to 125°C) 


ATV2500H-35LM 
44LW 


ATV2500H-35DM/883 
40DW6 
Military/883C 


ATV2500H-35KM/883 
44KW 
(-55°C to 125°C) 


ATV2500H-35LM/883 
44LW 
Class B, Fully Compliant 


tPD 
teo 
fMAX 
Ordering Code 
Package 
Operation Range 
(ns) 
(ns) 
(MHz) 


25 
25 
40 
5962-91545 
02M ax 
40DW6 
Military/833C 
5962-91545 
02M xx 
44LW 
(-55°C to 125°C) 
5962-91545 
02M YX 
44KW 
Class B, Fully Compliant 


30 
30 
33 
5962-91545 
01M ax 
40DW6 
Military/833C 
5962-91545 
01M xx 
44LW 
(-55°C to 125°C) 
5962-91545 
01M YX 
44KW 
Class B, Fully Compliant 
• 


Package Type 


4ODW6 
40 Lead, 0.600· Wide Windowed, Ceramic Dual Inline Package (Cerdip) 


44J 
44 Lead, Plastic J-Leaded Chip Carrier OIP (PLCC) 


44KW 
44 Lead, Windowed, Ceramic J-Leaded Chip Carrier (JLCC) 


44LW 
44 Pad, Windowed, Ceramic Leadless Chip Carrier (LCC) 


40P6 
40 Lead, 0.600· Wide Plastic Dual Inline Package OIP (PDIP) 


AlmEL 
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tPD 
teo 
fMAX 


Ordering Code 
Package 
Operation Range 
(ns) 
(ns) 
(MHz) 


30 
30 
33 
ATV2500L -30DC 
40DW6 
Commercial 


ATV2500L-30JC 
44J 
(O°C to 70°C) 


ATV2500L-30KC 
44KW 
ATV2500L-30LC 
44LW 
ATV2500L -30PC 
40P6 


ATV2500L-30DI 
40DW6 
Industrial 


ATV2500L -30J I 
44J 
(-40°C to 85°C) 


ATV2500L -30KI 
44KW 
ATV2500L -30Ll 
44LW 
ATV2500L -30PI 
40P6 


ATV2500L -30DM 
40DW6 
Military 


ATV2500L -30KM 
44KW 
(-55°C to 125°C) 


ATV2500L-30LM 
44LW 


ATV2500L-30DM/883 
40DW6 
Military 


ATV2500L -30KM/883 
44KW 
(-55°C to 125°C) 


ATV2500L -30LM/883 
44LW 
Class B. Fully Compliant 


35 
35 
28 
ATV2500L-35DC 
40DW6 
Commercial 


ATV2500L -35JC 
44J 
(O°C to 70°C) 
ATV2500L-35KC 
44KW 
ATV2500L-35LC 
44LW 


ATV2500L-35PC 
40P6 


ATV2500L-35DI 
40DW6 
Industrial 


ATV2500L-35JI 
44J 
(-40°C to 85°C) 


ATV2500L-35KI 
44KW 
ATV2500L-35L1 
44LW 
ATV2500L -35PI 
40P6 


ATV2500L-35DM 
40DW6 
Military 


ATV2500L -35KM 
44KW 
(-55°C to 125°C) 


ATV2500L -35LM 
44LW 


ATV2500L-35DM/883 
40DW6 
Military 


ATV2500L -35KM/883 
44KW 
(-55°C to 125°C) 


ATV2500L -35LM/883 
44LW 
Class B, Fully Compliant 


40 
40 
25 
ATV2500L -40DC 
40DW6 
Commercial 


ATV2500L-40JC 
44J 
(O°C to 70°C) 


ATV2500L-40KC 
44KW 
ATV2500L-40LC 
44LW 
ATV2500L-40PC 
40P6 


ATV2500L-40DI 
40DW6 
Industrial 


ATV2500L-40JI 
44J 
(-40°C to 85°C) 


ATV2500L -40KI 
44KW 
ATV2500L -40Ll 
44LW 
ATV2500L-40PI 
40P6 


ATV2500L -40DM 
40DW6 
Military 


ATV2500L -40KM 
44KW 
(-55°C to 125°C) 


ATV2500L -40LM 
44LW 


ATV2500L -40DM/883 
40DW6 
Military/883C 


ATV2500L -40KM/883 
44KW 
(-55°C to 125°C) 


ATV2500L -40LM/883 
44LW 
Class B, Fully Compliant 


tpo 
teo 
fMAX 
Ordering Code 
Package 
Operation 
Range 
(ns) 
(ns) 
(MHz) 


45 
45 
22 
ATV2500L-45DI 
40DW6 
Industrial 


ATV2500L-45JI 
44J 
(-40°C to 85°C) 


ATV2500L-45KI 
44KW 
ATV2500L-45L1 
44LW 
ATV2500L-45PI 
40P6 


ATV2500L-45DM 
40DW6 
Military 


ATV2500L-45KM 
44KW 
(-55°C to 125°C) 


ATV2500L -45LM 
44LW 


ATV2500L -45DM/883 
40DW6 
Military1883C 


ATV2500L -45KM/883 
44KW 
(-55°C to 125°C) 


ATV2500L -45LM/883 
44LW 
Class B, Fully Compliant 


30 
30 
33 
5962-91545 
03M ax 
40DW6 
Military/833C 


5962-91545 
03M xx 
44LW 
(-55°C to 125°C) 


5962-91545 
03M YX 
44KW 
Class B, Fully Compliant 


Package Type 


40DW6 
40 Lead, 0.600· Wide Windowed, Ceramic Dual Inline Package (Cerdip) 


44J 
44 Lead, Plastic J-Leaded Chip Carrier OTP (PLCC) 


44KW 
44 Lead, Windowed, Ceramic J-Leaded Chip Carrier (JLCC) 


44LW 
44 Pad, Windowed, Ceramic Leadless Chip Carrier (LCC) 


4OP6 
40 Lead, 0.600· Wide Plastic Dual Inline Package OTP (PDIP) 
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The following two examples show example 
headers 
to 
use 
when 
designing 
the 
ATV2S00 
with ABELTMor CUPLTM. 


For ABELTM, the node numbers shown may 
be assigned any legal ABEUM label. 
The 
fuse numbers 
for combining 
the product 


terms are included. 


For CUPLTM, the pinnodes 
shown may be 
assigned any legal CUPLTM label. Combin- 
ing 
the 
product 
terms 
is 
handled 
automatically. 


ABEL TM Example 
module 
_NODE2500 
title 
'Addressing 
48 
Registers 
in 
V2500 
NODE2500 
device 
'P2500'; 
@message 
'Use 
P2500PC 
device 
file.'; 
@message 
'for 
ABEL 
on 
a PC/Clone'; 
"Inputs 
11,12,13 
117,118,119,120,121,122,123 
137,138,139,140 
"IIOs 
04,05,06,07,08,09 
011,012,013,014,015,016 
024,025,026,027,028,029 
031,032,033,034,035,036 


pin 
1,2,3; 


17,18,19,20,21,22,23; 
37,38,39,40; 


4,5,6,7,8,9; 
11,12,13,14,15,16; 
24,25,26,27,28,29; 
31,32,33,34,35,36; 


"Q2 
Registers 
"Node 
Name 
Node 
Number 
Pin 
Associated 
With: 
84,B5,B6 
node 
41,42,43; 
pin 
4 to 
pin 
6 
B7,B8,B9 
node 
44,45,46; 
pin 
7 to 
pin 
9 
B11, B12, B13 
node 
47,48,49; 
pin 
11 to 
pin 
13 
B14,B15,B16 
node 
50,51,52; 
pin 
14 to 
pin 
16 
B24,B25,B26 
node 
53,54,55; 
pin 
24 
to 
pin 
26 
B27,B28,B29 
node 
56,57,58; 
pin 
27 
to 
pin 
29 
B31,B32,B33 
node 
59,60,61; 
pin 
31 
to 
pin 
33 
B34,B35,B36 
node 
62,63,64; 
pin 
34 
to 
pin 
36 
"Ql 
Registers 


"Node 
Name 
Node 
Number 
Pin 
Associated 
With: 


Q4,Q5,Q6 
node 
217,218,219; 
" pin 
4 to 
pin 
6 
Q7,Q8,Q9 
node 
220,221,222; 
" pin 
7 to 
pin 
9 
Q11, Q12, Q13 
node 
223,224,225; 
" pin 
11 to 
pin 
13 
Q14,Q15,Q16 
node 
226,227,228; 
" pin 
14 to 
pin 
16 
Q24, Q25, Q26 
node 
229,230,231; 
" pin 
24 
to 
pin 
26 
Q27,Q28,Q29 
node 
232,233,234; 
" pin 
27 
to 
pin 
29 
Q31,Q32,Q33 
node 
235,236,237; 
" pin 
31 
to 
pin 
33 
Q34,Q35,Q36 
node 
238,239,240; 
" pin 
34 
to 
pin 
36 
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CUPL TM Example 
Name 
NODE2500 


Partno 
00; 
Date 
11/21/88; 
Revision 
00; 


Designer 
J. 
¥u 


Company 
Atmel; 
Assembly 
None; 


Location 
None; 


Device 
V2500; 


/*******************************************j 
1** 
Allowable 
Target 
Device 
Types 
: V2500 
**1 


/*******************************************/ 


1** 
Inputs 
**1 


1* This 
is 
a 
handy 
PIN 
[1. .3] 
PIN 
(17 .. 23J 


PIN 
[37 .. 40) 


1** 
I/Os 


PIN 
[4 .. 9) 
PIN 
[11..16] 


PIN 
(24 .. 29] 
PIN 
[31. 
.36J 


/** 
Declarations 


Definitions 
*1 


1* 
Q2 nodes 


PINNODE (41. 
.46] 


PINNODE (47 .. 52J 
PINNODE (53 .. 58J 
PINNODE (59 .. 64J 
1* Ql 
nodes 
PINNODE [65 .. 70) 
PINNODE [71 .. 76] 
PINNODE [77 .. 82] 
PINNODE (83 .. 88] 


way 
to 
name 
[I1. 
.I3J; 
[Il7 
.. I23J; 
[I37 
.. I40); 


[04 .. 09]; 
(011. 
.016]; 
[024 .. 029]; 
[031 .. 036J; 
and 
Intermediate 


(B4 .. B9]; 
[Bll 
.. B16J; 


[B24 .. B29J; 
[B31 .. B36J; 


Pin 
assoc. 
with:*/ 
I*PIN 
4 to 
9*1 


I*PIN 
11 
to 
16*1 
I*PIN 
24 
to 
29*1 
I*PIN 
31 
to 
36*1 
Pin 
assoc. 
with:-/ 
I*PIN 
4 to 
9*1 
I*PIN 
11 
to 
16*1 
I*PIN 
24 
to 
29*1 
I*PIN 
31 
to 
36*1 


[Q4 .. Q9); 
[Qll 
.. Q16); 
[Q24 .. Q29]; 
(Q31 .. Q36]; 


Features 


• 
Low Voltage Programmable Logic Device 
Wide Power Supply Range· 3.0 V to 5.5 V 
Ideal for Ba"ery Powered Systems 
• 
High Speed Operation 
25 ns Max Propagation Delay at Vcc = 3. 0 V 
• 
Third Generation Programmable Logic Structure 
Easily Achieves Gate Utilization Factors of 80 Percent 
• 
Increased Logic Flexibility 
86 Inputs and 72 Sum Terms 
• 
Flexible Output Macrocell 
48 Flip-Flops" 2 per Macrocell 
3 Sum Terms" can Be OR'ed and Shared 
• 
Low Power, Three-Volt CMOSOperation 


ATV2500LVL 
ATV25OO(V' 


Tem . 
Com./ Mil. 
Com./ Mil 
Ice (mA) 
3/7 
E!P 180 


• 
Multiple Feedback Paths Provide for Burl~ 
St~eMachlnes 
and 110 Bus Compatibility 
,f 


• 
Asynchronous Clocks and Reset!' 
• 
Proven and Reliable High Speed ~M 
2000V ESD Protection 
' 


200 mA Latchup Immunl~y, 


• 
Reprogrammable -1;ested 1~,for 
P 
• 
4O-plnDual-in-llne a"nd~Lea~ 
Surfac 


Low Volt 'ge 
UV E~asa Ie 
Pro'rarnmable 
Logic 
vice 


14 


Input 
Pins 


Description 


The ATV2500L V/L VL is the mostPo~errulp 
ble logic device available in a 40 pin 
package. 
Increased 
ProducttcitnS. 
S\lIllT~s, 
... d·'FIip-Flops 
translate 
into many more 
usable gates. High gate utilizati(jn i~eas;ly obtainable. 


The ATV2500L V/LVL'is 
organiie(laround 
a global bus. All pin and feedback terms are 
always available 
to every togicCelLEach 
of the 38 logic pins and their complements 
are 
array inputs, as w~II as the'true andf~outputs 
of each of the 48 Flip-Flops. 


, 
(Continued on next page) 


Pin Name 
Function 
0'''••, 


IN 
Logic 
Inputs 


I/O 
Bidirectional 
Buffers 


1/0,0,2,4" 
"Even" 
110 Buffers 


1/0,1,3,5" 
"Odd" 
110 Buffers 


VCC 
+5 V Supply 


1102 
1103 
1104 
V05 
vcc 
Vcc 
12 
V017 
VOl. 
VOl' 
V014 
V013 


V07 
1108 
IJ09 
V010 
V011 
34 
GND 
GND 
V023 
V022 
V021 
V020 


AlmlL 


• 


AlmEL 


Description (Continued) 


The ATV2500L V and AT2500L VL are low voltage compatible 
CMOS high perfonnance 
Erasable 
Programmable 
Logic De- 


vices (EPLDs). Speeds down to 25 ns and power dissipation as 
low as 10.8 mW are offered. All speed ranges are specified over 
the 3.0 V to 5.5 V range. All pins offer a low ± 10 lJA leakage. 


The ATV2500L VL provides 
the optimum 
low power CMOS 


EPLD solution, with low D.C. power (1 mA typical at Vcc = 3.3 
V) and full CMOS output levels. The ATV2500L VL signifi- 


cantly reduces total system power, allowing 
battery powered 
operation. 


Product tenns 
are available 
providing 
Asynchronous 
Resets, 


Flip-Flop clocks, and Output Enables. One reset and one clock 
tenn are provided per Flip-Flop, 
with one Enable tenn per out- 
put 
Eight product tenns provide local Synchronous Presets, di- 
vided up into banks of four and eight Flip-Flops. Register Pre- 
load and buried register observability 
simplify testing. The de- 


vice has an internal power up clear function. 


Features 


• 
Advanced Programmable Logic Device - High Gate Utilization 
• 
Flexible Interconnect 
Architecture - Universal Routing 
• 
Flexible Logic Cells -128 Flip-Flops and 52 Latches 
• 
Multiple Flip-Flop Types - Synchronous or Asynchronous Registers 
• 
High Speed - 50 MHz Operation 
• 
Complete Third Pany Software suppon 
No Placement, Routing or Layout Software Required 
• 
Proven and Reliable High Speed CMOS EPROM Process 
2000 V ESD Protection 
200 mA Latchup Immunity 
• 
Reprogrammable - Tested 100"k for Programmability 
• 
Commercial, Industrial and Military Temperature Grades 


8 
INPUT 
PINS 
52 
1/0 
PINS 


UNIVERSAL 
AND 
REGIONAL 
INTERCONNECT 


Description 


The Atmel V5000 is an easy to use, high density programmable 
logic device. Its simple, reg- 
ular architecture 
translates into increased utilization and high performance. 


The ATV5000 has one programmable 
combinatorial 
logic array. This guarantees easy inter- 
connection of and uniform performance 
from all nodes. "Sum terms", which are easy to use 
groupings of AND-OR 
gates, provide combinatorial 
logic blocks. Sum terms can be wire- 
OR'd together to integrate larger logic blocks. To expand the levels of logic, buried sum terms 
feed back into the logic array. The 52 I/O pins can each be driven by a register or a sum term. 
Each I/O pin has an individually 
enabled input latch. 


All 128 registers are configurable 
as D- or T-types without using extra logic gates. Individual 
sum terms, asynchronous 
presets, resets and clocks give each flip-flop added flexibility. 
A 
direct "clock from pin" option guarantees 
synchronization 
and fast clock to output perfor- 
mance. 


Standard, off-the-shelf 
third-party 
software tools and programmers 
support the ATV5000. 
This minimizes start-up investment and improves product support. 


Chip Carrier 
Pin Configuration 


VCC 
ONO 
,--110 
--, 
I r IN,I IN r--liO--, 
, 
Jl 
ONO 
r 
VO 
'8 
l1l 


1 


J 
VCC 


52 J, 


Jr 


J 


Pin Name 
Function 


IN 
Logic and Clock Inputs 


Pins 2,32,36,66 
Input/Register Clocks 1-4 


Pins 1,34,35,68 
Input/Latch Clocks 1-4 


1/0 
Bidirectional Buffers 


VCC 
+5 V Supply 


35 


L....-IIO---JIN 
IL...IN -JI '--vo---..J 


GND 
vcc 
Alii[ 
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Absolute Maximum Ratings· 


Temperature 
Under Bias 
-55°C to +125°C 


Storage Temperature 
-65°C to +150oC 


Voltage on Any Pin with 
1 
Respect to Ground 
-2.0 V to +7.0 V 


Voltage on Input Pins 
with Respect to Ground 
During Programming 
-2.0 V to +14.0 V1 


Programming 
Voltage with 
Respect to Ground 
-2.0 V to +14.0 V1 


Integrated UV Erase Dose 
7258 W.seclcm2 


Functional Logic Diagram Description 


There are 52 identical Input/Ouput 
logic cells and 24 identical 
buried logic cells in the ATV5000. Each UO cell has two flip- 
flops, up to three sum terms, individual clock, reset, and preset 
terms per flip-flop, and one output enable term. Independent of 
output configuration, 
all flip-flops are always usable, and have 


at least four Product Term inputs each. 


Each UO pin (52 total) signal or its latched version drives the 
logic array. There is one latch clock per quadrant. 


The ATV5000 has four identical quadrants (see Figure 2). The 
Universal Bus routes true and false signals from each of the 52 
I/O pins 
to all four 
quadrants. 
Regional 
buses 
route 
each 
quadrant's 
flip-flop Q and Q locally. The eight input-only pins 
are available in all four regional buses. 


Each logic cell has a number of "regional" and "universal" prod- 
uct terms (see Figure 1). The UO Logic Cells contain three sum 
terms, two flip-flops, and an 110 buffer. 


The Buried Logic Cells each contain one Hip-flop. 
In addition, 
in each buried logic cell the sum term can drive the regional bus. 
This allows for logic expansion. 


Serial register preload 
and observability 
simplify testing. All 
registers automatically 
clear at power up. 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Note: 
1. Minimum voltage is -{).6 V dc which may undershoot to -2.0 


V for pulses of less than 20 ns. Maximum output pin voltage 
is Vcc+O.75 V dc which may overshoot to +7.0 V for pulses 
of less than 20 ns. 


Quadrant Functional Logic 
Diagram ATV5000 


INPUTiOUTPUT 


LOGIC 
CELLS 
(13 TOTAL 
PER aUADRANT) 


BURIED 


LOGIC 
CELLS 


(6 TOTAL 


PER aUADRANT) 


UNIVERSAL 
BUS 
TO ALL 
QUADRANTS 


ATVSOQO-25 
ATVSOOO/L-30 
ATVSOOO/L-35 


Com. 
OOC-70°C 
OOC-70°C 
OOC-70°C 


Operating 
Ind. 
-40°C - 85°C 
-40°C - 85°C 
Temperature 
(Case) 
Mil. 
-55°C - 125°C 
-55°C - 125°C 


Vcc Power SUpply 
5 V± 10% 
5 V± 
10% 
5 V± 10% 


ATV5000 Block Diagram 


REGISTER 
:~:: L;~C; :Jn~~~~~~n 


13 VO PINS o-i 
13 110 CELLS 
4-15,17 


! 
6 BURIED 


! 
LOGIC 
CELLS 
REGISTER 
! 
. 


CLOCK 
PIN 
32 


LATCH 
.1 
CLOCK 
PIN 
34 
!.... 


13 va PINS 
~ 
13 110 CELLS 


18,19,21-31 
:::::1 


Quadrant Lo~ic Diagram 
and Description 


The ATVSOOOhas: four identical quadrants, 52 identical input/ 
output logic cells, and 24 identical buried logic cells. The Uni- 
versal Bus routes true and false signals from each of the 521/0 
pins to all four quadrants. Regional buses route each quadrant's 
flip-flop Q and Q locally. The eight input-only pins are available 
in every Regional Bus. 


Each logic cell has a number of "regional" and "universal" prod- 
uct terms (see Figure 3). The I/O Logic Cells (Figures 7, 8, 9) 
contain three sum terms, two flip-flops, and an I/O buffer. Sum 
term B has five product terms - two universal and three regional. 
Sum terms A and C each have four product terms - one universal 
and three regional. Flip-flop QI has global Asynchronous 
Pre- 
set, Reset, and Clock product terms. Flip-flop Q2 has universal 
Asynchronous 
Reset and Clock terms and a regional Asynchro- 
nous Preset term. There is one universal product term for the I/O 
pin Output Enable. 


The Buried Logic Cells (Figure 4) each contain one flip-flop. 
The sum term has one universal product term and four regional 
product terms for a total of five. The flip-flop 
has universal 
Asynchronous 
Preset, Reset, and Clock terms. In addition, in 
each buried logic cell the sum term can be fed back into the 
regional bus instead of the flip-flop. This allows for logic expan- 
sion. 


Regional product terms have as inputs all quadrant flip-flop out- 
puts (or buried flip flop inputs) and the eight dedicated input 
pins. Universal product terms have the same inputs plus the 52 
I/O pins and their complements. 


REGISTER 


n~~~~~~~Jtn:~ti;:::: 


13 110 CELLS 
1--0 
13 VO PINS 
.~ 
52,53,55-65 
······:::1 


6 BURIED 
LOGIC 
CELLS 


........... , 
REGISTER 
CLOCK 
PIN 36 


. n nnnnnnnJ'i 
~~&:':< 
PIN 35 


13 110 CELLS 
L..a 
13 va PINS 


, 
38-49,51 
':::::::::::::::::::::::::::::::1: 


INPUT 
PINS 
1,2,32,34,35, 
36,66,68 
• 
Quadrant 
Register 
Latch 
Number 
Clock Pin 
Clock Pin 


1 
2 
1 


2 
32 
34 


3 
36 
35 


4 
66 
68 


UNIVERSAL 
BUS 
INPUTS 1:= 
REGISTER 
OCK 


TCH 
OCK 


PROOUCT 
PROOUCT 
""" 
CL 
REGIONAL 
BUS 
INPUTS 
TERMS 
TERMS 
LA 


INAJN 
- 
CL 


01 
02 
, 


INPUTI 


OUTPUT 
4-0 
LOGIC 
CELLS 
(13 
TOTAl) 


OE 
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Logic Cell Options 


The ATV5000 Logic Cells contain most of the chip's logic op- 
tions. The standard Logic Cell contains two flip-flops, three sum 
terms and three array inputs. The three sum terms can be com- 
bined to provide sum term options offour, five, nine, or 13 prod- 
uct terms. A combinatorial 
signal or the output of QI can be sent 


to the I/O cell. 


The ATV5000 retains the ATV2500's 
ability to bury both reg- 


isters in the I/O cell and still output a combinatorial 
signal (see 


Figure 8). A new feature, unique to the ATV5000, is the ability 
to output Ql and feedback the combinatorial 
term directly (see 


Figure 7). This high speed logic expansion 
term increases the 


devices flexibility and gate utilization. 


Buried Logic Cells 


Each quadrant has six buried logic cells (see Figure 4). Each cell 
contains one sum term with five product terms, a flip-flop, and 
individual preset, clear, and clock terms. A configurntion bit se- 
lects either the Q output or the D input for feedback 
into the 
regional bus. 
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Flip-Flop Clock Options 


Each register may be connected to its regional clock to provide 
fast clock to output timing (see Figure 5). In this "synchronous" 
mode, the clock is one of four input pins, a unique clock pin for 
each chip quadrant. One product term defines each flip-flop's 
clock in the "asynchronous" 
mode. 


In the "synchronous" 
mode, the regional clock is ANDed with 


the product term. This provides the fast timing of a synchronous 
clock with the local control of the product term. 


Each I/O pin of the ATV5000 has an input latch which can be 
individually enabled or disabled (see Figure 6). Each chip quad- 
rant has a unique latch clock. When the latch is inactive, pin 
input flows directly into the array. When activated, the latch is 
flow-through 
when the clock signal is low, and data is captured 


on the clock's rising edge. 


Flip-Flop Types 


Each flip-flop in the ATV5000 may be configured as either a T- 
or D-type flip-flop. A T-type flip-flop can also easily be config- 
ured into a JK or SR flip-flop. 
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Symbol 
Parameter 
Condition 
Mln 
Typ 
Max 
Unns 


III 
Input Load Current 
VIN = -0.1 V to Vcc+1 V 
10 
J.1A 


ILO 
Output Leakage Current 
VOUT=-0.1 
VtoVcc+0.1 
V 
10 
J.1A 


Icc 
Power Supply Current 
Vcc = MAX, VIN = GND or 
Com. 
200 
350 
mA 
ATV5000 
Vcc Outputs Open 
Ind.,Mil. 
200 
400 
mA 


Icc 
Power Supply Current 
Vcc = MAX, VIN = GND or 
Com. 
32 
40 
mA 
ATV5000L 
Vcc Outputs Open 
Ind.,Mil. 
32 
50 
mA 


ICC2 
Clocked Power Supply 
f = 1 MHz, Vcc = MAX 
Com. 
30 
50 
mA 
Current, ATV5000L Only 
Outputs Open 
Ind.,Mil. 
30 
60 
mA 


105(1) 
Output Short Circuit 
VOUT= 0.5 V 
-90 
mA 
Current 


VIL 
Input Low Voltage 
-0.6 
0.8 
V 


VIH 
Input High Voltage 
2.0 
Vcc+0.75 
V 


VOL 
Output Low Voltage 
VIN = VIH or VIL, 
0.5 
V 
IOL= 8 mA Com,lnd; 6 mA Mil. 


VOH 
Output High Voltage 
IOH= -100 !,A 
Vcc-0.3 
V 


IOH= -4.0 mA 
2.4 
V 


AlmEL 


AlmEL 


A.C. Waveforms 
(1) 
Input Pin Clock 


A.C. Waveforms 
(I) 


Product Term Clock 


REGISTER 
CLOCK 
TERM 


ATVSO~25 
ATVSOOO/L-30 
ATVSOOO/L-35 


Symbol 
Parameter 
Min 
Max 
Min 
Max 
Min 
Max 
Unns 


tcos 
Clock to Output 
15 
20 
25 
ns 


tCFS 
Clock to Feedback 
0 
9 
0 
12 
0 
15 
ns 


tSIS 
Input Setup Time(1) 
16 
17 
20 
ns 


tSFS 
Feedback Setup Time(1) 
11 
13 
15 
ns 


tHS 
Hold Time 
0 
0 
0 
ns 


tws 
Clock Width 
10 
12 
15 
ns 


tps 
Clock Period 
20 
25 
30 
ns 


FMAXS 
Maximum 
Frequency (1Itps) 
50 
40 
33 
MHz 


tARS 
Asynchronous 
Reset/Preset 
Recovery Time 
20 
25 
30 
ns 


ATV~25 
ATVSOOO/L·30 
ATVSOOO/L-35 


Symbol 
Parameter 
Min 
Max 
Min 
Max 
Min 
Max 
Units 


tCOA 
Clock to Output 
25 
30 
35 
ns 


tCFA 
Clock to Feedback 
7 
20 
10 
25 
12 
27 
ns 


tSIA 
Input Setup Time!l) 
10 
12 
15 
ns 


tSFA 
Feedback Setup Time(l) 
5 
8 
13 
ns 


tHA 
Hold Time 
8 
10 
12 
ns 


twA 
Clock Width 
12 
15 
15 
ns 


tPA 
Clock Period 
25 
33 
40 
ns 


FMAXA 
Maximum 
Frequency (1ItPA) 
40 
30 
25 
MHz 


lARA 
Asynchronous 
Reset/Preset 
Recovery Time 
15 
20 
25 
ns 


IPD3~ 
tPD2 


VALID 


--- 
. ---- 
----~ 


ATV50QO-25 
ATV5000/L-30 
ATV5000/L-35 


Symbol 
Parameter 
Min 
Max 
Min 
Max 
Min 
Max 
Units 


tPOl 
Input to Non-Registered 
Output(1) 
25 
30 
35 
ns 


tP02 
Feedback to Non-Registered 
Output(1) 
20 
25 
30 
ns 


tP03 
Input to Non-Registered 
Feedback(l) 
20 
25 
30 
ns 


tP04 
Feedback to Non-Registered 
Feedback(l) 
15 
18 
22 
ns 


tEAl 
Input to Output Enable 
30 
35 
40 
ns 


tERl 
Input to Output Disable 
30 
35 
40 
ns 


tEA2 
Feedback to Output Enable 
25 
30 
35 
ns 


tER2 
Feedback to Output Disable 
25 
30 
35 
ns 


Is 
Input Latch Setup Time 
5 
6 
7 
ns 


tH 
Input Latch Hold Time 
5 
5 
5 
ns 


tw 
Clock Width 
10 
12 
12 
ns 


tp 
Clock Period 
20 
25 
30 
ns 


FMAX 
Maximum 
Frequency (lIIp) 
50 
40 
33 
MHz 


tAw 
Asynchronous 
ResellPreset 
Width 
15 
20 
20 
ns 


tAp 
Asynchronous 
Resell 
30 
35 
40 
ns 
Preset to Registered Output 


tAPF 
Asynchronous 
Resell 
25 
30 
35 
ns 
Preset to Registered 
Feedback 
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Input Test Waveforms 
and 
Measurement 
Levels 


< 


3.0V 
AC 


DRIVING 
LEVELS 
O.OV 


AC 


MEASUREMENT 


LEVEL 


Output Test Load 


5.0V 


R1= 
450h 
(580 MIL.) 
OUTPUT 
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R2=250 
I' CL=50pF 
(280MI!:..) 
'9 


Preload and Observability 
of Registers 


The ATV5000's 
registers 
include circuity to load and unload 


them serially. This feature simplifies testing. Any state can be 
forced into the registers to control test sequencing, 
and all reg- 
isters may be observed, 
independent 
of being buried. A Vrn 


level on the Data In pin will force the appropriate register high; 
a VIL will force it low, independent of the polarity or other con- 
figuration bit settings. 


The PRELOAD/OBSERVE 
state is entered by placing an 11 V to 14 


V signal on pin 68 on the JLCC. When the clock (pin 1) is pulsed 
high, data (pin 2) is clocked serially through all registers in the 
device, as in the following table. All register contents are also 


clocked out of the device on Pin 65 in FIFO fashion. If ob- 
servability only is required, data out should be connected back 
to data in. If preload only is required, OE (pin 66) can be held 
high and data out (pin 65) will remain high impedance. 


Any user contemplating 
the use of register preload/obervability 


is encouraged 
to contact 
Atmel's 
EPLD applications 
depart- 
ment 


Note: 
All register clock terms or pins must be low prior to en- 
tering the Preload,lObserve 
state, and low prior to leaving the 


tDMIN = 100 ns 


tSPMIN = 50 ns 
tHPMIN = 50 ns 
tWPPMIN = 100 ns 
tPRMIN = 1()()() ns 
tERI'MAx = lOOns 


tEAPMAX = lOOns 


tCOPMAX = 100 ns 


Quadrant 
Pin 


Quadrant 1 
Pin 
4 
5 
6 
... 
15 
17 


DIN -+ Q2 
-+ Q1 
-+B23-+Q2 
-+Q1 
-+Q2 
-+Q1 
... 
B18 
-+Q2 
-+Q1 
-+Q2 
-+Q1 
-+ (Quadrant 2) 


Quadrant 2 
Pin 
18 
19 
21 
22 
... 
31 


(Quadrant 1)-+ 
Q2 -+Q1 
-+Q2 
-+Q1 
-+ B17 -+Q2 
-+Q1 
-+Q2 
-+Q1 
... 
B12 
-+Q2 
-+Q1 
-+ (Quadrant 3) 


Quadrant 3 
Pin 
38 
39 
40 
... 
49 
51 


(Quadrant 2)-+ 
Q2 -+Q1 
-+B11-+Q2 
-+Q1 
-+Q2 
-+Q1 
... 
B6 
-+Q2 
-+Q1 
-+Q2 
-+Q1 
-+ (Quadrant 4) 


Quadrant 
4 
Pin 
52 
53 
55 
56 
... 
65 


(Quadrant 3)-+ 
Q2 -+Q1 
-+Q2 
-+Q1 
-+B5 
-+Q2 
-+Q1 
-+Q2 
-+Q1 
... 
Bo 
-+Q2 
-+Q1 
-+DOUT 


Power Up Reset 


The registers 
in the ATV5000 
are designed 
to reset during 


power up. At a point delayed slightly from Vcc crossing 3.8 V, 
all registers will be reset to the low state. The output state will 
depend on the polarity of the output buffer. 


This feature is critical for state machine initialization. However, 
due to the asynchronous 
nature of reset and the uncertainty of 


how Vcc actually rises in the system, the following conditions 
are required: 


1) The Vcc rise must be monotonic, 


2) After reset occurs, all input and feedback setup times must be 
met before driving the clock term high, and 


3) The signals from which the clock is derived must remain sta- 
ble during \PR. 


~ 


.8V 


POWER 
_ 


. 
tPR===ttS 


REGISTERED 
OUTPU_T_S 
~ 
tSl 


CLOCK -----\-\Ctw-r- 


Description 


I 
Power-Up 
Reset Time 


Mln 
Typ 
Max 
UnRs 


600 
1000 
ns 


Using The ATV5000 


The ATVSOOO's simple, regular architecture 
means that only 


simple logic compilers are required to configure the device. No 
layout or route and place are required. These software tools are 
readily available from companies such as Data I/O Corporation 
(ABELTM), 
Logical 
Devices 
(CUPLTM), 
and 
ISDATA 


(LOGiCTM). 


The first step in designing a device as complex as the ATVSOOO 
is to partition your design into manageable blocks. These blocks 
are then allocated proportionally 
to each of the four quadrants of 


the ATVSOOO.Random gates can be described either with bool- 
ean equations (a behavioral description) or with a schematic ed- 
itor. Truth table logic and state machines 
are best described 


behaviorially 
and entered with a text editor. The design is then 


combined 
into one ASCII me, which is then submitted to the 


logic 
compiler. 
Compilation, 
logic 
reduction, 
simulation, 


JEDEC file creation and documentation 
are then completed by 


all of the popular compilers. 


Assignment of signals to pins or buried nodes as well as select- 
ing the various options of the ATVSOOO(such as register clOCkS. 
and input latches) can be done manually in the design data base 
me, or an automatic fitter may be used. 


A logic fitter assigns pins and nodes to make best use of the 
features in the ATV SOOO,and frees the designer from being re- 
quired to learn all of the features of a complex device such as the 
ATVSOOO.For further information on fitters for the ATVSOOO, 
contact Atmel's EPLD applications department. 


After correcting any syntax and logic errors discovered 
by the 


compiler, the JEDEC file is ready to download to an EPLD pro- 
grammer. These are available from a number of manufacturers. 
Programmed 
devices are usually first tested in the programmer 


with your supplied test vectors. The next step is check out your 
"custom chip" in the target system. When this hardware debug 
step is complete, your system is ready to go- 
all in a matter of 


hours. 


68-Lead LCC Pin 


Vcc 
I/O 


Mode 
1 
2 
36 
34 
68 
66 
(3,20,37,54) 
I/O's 
Pin 65 


"EPLD" 
X (1) 
X 
X 
X 
X 
X 
5V 
I/O 
I/O 


Program 
Vpp 
VIL 
VIL 
VIH 
VIH 
X 
6V 
ADD/DIN 
ADD 


PGM Verify 
Vpp 
VIH 
VIH 
VIL 
VIL 
X 
6V 
ADD/DouT 
ADD 


PGM Inhibit 
Vpp 
VIH 
VIH 
VIH 
VIH 
X 
6V 
HighZ 
HighZ 


Preload/Observe 
...fL.. 
DIN 
X 
X 
VH (2) 
OE 
5V 
HighZ 
DOUT 


AlmEL 


PLCC 
PGA 
PLCC 
PGA 
PLCC 
PGA 
PLCC 
PGA 


Pin' 
Pin' 
Name 
Pin' 
Pin' 
Name 
Pin' 
Pin' 
Name 
Pin' 
Pin' 
Name 


1 
86 
IN 
18 
F2 
1/0 
35 
K6 
IN 
52 
F10 
1/0 


2 
A6 
IN 
19 
F1 
1/0 
36 
L6 
IN 
53 
F11 
1/0 


3 
85 
VCC 
20 
G2 
VCC 
37 
K7 
VCC 
54 
E10 
VCC 


4 
AS 
1/0 
21 
G1 
1/0 
38 
L7 
1/0 
55 
E11 
1/0 


5 
84 
1/0 
22 
H2 
1/0 
39 
K8 
1/0 
56 
010 
1/0 


6 
A4 
1/0 
23 
H1 
1/0 
40 
L8 
1/0 
57 
011 
1/0 


7 
83 
1/0 
24 
J2 
1/0 
41 
K9 
1/0 
58 
C10 
1/0 


8 
A3 
1/0 
25 
J1 
1/0 
42 
L9 
1/0 
59 
C11 
1/0 


9 
A2 
1/0 
26 
K1 
1/0 
43 
L10 
1/0 
60 
811 
1/0 


10 
82 
1/0 
27 
K2 
1/0 
44 
K10 
1/0 
61 
810 
1/0 


11 
81 
1/0 
28 
L2 
1/0 
45 
K11 
1/0 
62 
A10 
1/0 


12 
C2 
1/0 
29 
K3 
1/0 
46 
J10 
1/0 
63 
89 
1/0 


13 
C1 
1/0 
30 
L3 
1/0 
47 
J11 
1/0 
64 
A9 
1/0 


14 
02 
1/0 
31 
K4 
1/0 
48 
H10 
1/0 
65 
88 
1/0 


15 
01 
1/0 
32 
L4 
IN 
49 
H11 
1/0 
66 
A8 
IN 


16 
E2 
GNO 
33 
K5 
GNO 
50 
G10 
GNO 
67 
87 
GNO 


17 
E1 
1/0 
34 
L5 
IN 
51 
G11 
1/0 
68 
A7 
IN 


Typ 
Max 
Units 
Conditions 


CIN 
I 
6 
8 
pF 
VIN = 0 V 


COUT 
I 
8 
12 
pF 
VOUT=O 
V 


Security Fuse Usage 


A single fuse is provided to prevent unauthorized copying of the 
ATV5000 fuse patterns. Once programmed, 
all outputs appear 


programmed 
during verify. The security fuse should be pro- 


grammed last (after verifying all other programmed 
bits), as its 


effect is immediate. 


The security fuse also inhibits Preload and Observability. 


Erasure Characteristics 


The entire memory array of an ATV5000 is erased after expo- 
sure to ultraviolet 
light at a wavelength 
of 2537 A. Complete 


erasure 
is assured 
after a minimum 
of 20 minutes 
exposure 


using 12,000 ",W/cm2 intensity 
lamps spaced one inch away 


from the chip. Minimum erase time for lamps at other intensity 


ratings can be calculated from the minimum integrated erasure 
dose of 15 W.sec/cm2. 
To prevent 
unintentional 
erasure, 
an 
opaque label is recommended 
to cover the clear window on any 
UV erasable EPLD which will be subjected to continuous fluo- 
rescent indoor lighting or sunlight. 


tpo 
teas 
fMAX 
Ordering Code 
Package 
Operation Range 
(ns) 
(ns) 
(MHz) 


25 
15 
50 
ATV5000-25JC 
68J 
Commercial 
ATV5000-25KC 
68KW 
(O°C to 70°C) 


ATV5000-25UC 
68UW 


30 
20 
40 
ATV5000-30JC 
68J 
Commercial 


ATV5000-30KC 
68KW 
(DOCto 70°C) 
ATV5000-30UC 
68UW 


ATV5000-30KI 
68KW 
Industrial 
ATV5000-30UI 
68UW 
(-40°C to 85°C) 


ATV5000-30KM 
68KW 
Military 
ATV5000-30UM 
68UW 
(-55°C to 125°C) 


ATV5000-30KM/883 
68KW 
Military/883C 


ATV5000-30UM/883 
68UW 
Class S, Fully Compliant 


(-55°C to 125°C) 


35 
25 
33 
ATV5000-35JC 
68J 
Commercial 
ATV5000-35KC 
68KW 
(O°C to 70°C) 
ATV5000-35UC 
68UW 


ATV5000-35KI 
68KW 
Industrial 
ATV5000-35UI 
68UW 
(-40°C to 85°C) 


ATV5000-35KM 
68KW 
Military 
ATV5000-35UM 
68UW 
(-55°C to 125°C) 


ATV5000-35KM/883 
68KW 
Military/883C 
ATV5000-35UM/883 
68UW 
Class S, Fully Compliant 
(-55°C to 125°C) • 


Package Type 


68J 
68 Lead, Plastic J-Leaded Chip Carrier OTP (PLCC) 


68KW 
68 Lead. Windowed. Ceramic J-Leaded Chip Carrier (JLCC) 


68UW 
68 Pin, Windowed, Ceramic Pin Grid Array (PGA) 


tpo 
tces 
'MAX 
Ordering Code 
Package 
Operation Range 
(ns) 
(ns) 
(MHz) 


30 
20 
40 
ATV5000L -30JC 
68J 
Commercial 


ATV5000L-30KC 
68KW 
(O°Cto 70°C) 


ATV5000L-30UC 
68UW 


35 
25 
33 
ATV5000L -35JC 
68J 
Commercial 


ATV5000L-35KC 
68KW 
(O°Cto 70°C) 


ATV5000L-35UC 
68UW 


ATV5000L -35KI 
68KW 
Industrial 


ATV5000L-35UI 
68UW 
(-40°C to 85°C) 


ATV5000L -35KM 
68KW 
Military 


ATV5000L-35UM 
68UW 
(-55°C to 125°C) 


ATV5000L -35KM/883 
68KW 
Military/883C 


ATV5000L -35UM/883 
68UW 
Class S, Fully Compliant 


(-55°C to 125°C) 


Package Type 


68J 
68 Lead, Plastic J-Leaded Chip Carrier alP 
(PLCC) 


68KW 
68 Lead, Windowed, Ceramic J-Leaded Chip Carrier (JLCC) 


68UW 
68 Pin, Windowed, Ceramic Pin Grid Array (PGA) 


The 
ATVSOOO Logic 
Cells 
retain 
the 
ATV2S00's 
basic features with two regis- 
ters, three sum terms and QI, Q2, and pin 
feedback options. In addition, these follow- 
ing features make the ATVSOOOeven more 
versatile: 


1. Input latches are added to every I/O pin. 
Each latch can be enabled or disabled 
independently. 


2. The ATVSOOOcan be configured to feed- 
back a combinatorial 
sum term and 
send QI to the outpu!. Feeding the com- 
binatorial sum term inlernally makes im- 
plementing logic equations with large 


number of product terms possible with- 
out sacrificing an I/O pin. 


3. Dedicated clock pins and individual 
clock product terms create multiple 
clock options for each flip-flop. 


4. The addition of the Buried Logic Cells 
handles more logic than ever. 


5. Each flip-flop can be configured as D- or 
T-type flip-flop. 


6. Asynchronous 
Preset, Asynchronous 
Reset and programmable 
output polar- 
ity allow registered outputs using fewer 
product terms. 


logic 
Cell with Buried Sum Term and 
Register to 1/0 Cell 


u 
u: : 
K}-a, 
: : 
K}-a2 


AlmEL 


High Density 
UV Erasable 
Programmable 
Logic Device 


Application 
Brief • 


A1iii[ 


Logic Cell, Two Buried Registers, 
Combinatorial to 1/0 Cell 
Logic Cell with Combinable 
Sum Terms, Register to 1/0 Cell 


u : 
Z1 
u : 
Z1 
u 
U 


R : 
Z1--0' 
FOOM 
R : 
z:J--O' 


FOOM 


R 
110 
R 
110 


R : 
Z1--02 
CELL 
R : 
Z1--02 


CELL 


R 
R 


The following are sections of ABELTM and CUPLTM source files to 
illustrate how each of these features is described in the ABELTM 
and CUPU" high level description languages. 


Pin and Node Assignments 
All the buried registers used in the design need to be assigned 
node numbers. The following tables show the complete set of 
node numbers by quadrant. 


ABELTM and Atmel-ABELTM 


LENA,CLOCK 
pin 
1,2; 


ACK 
pin 
4 istype 


, reg_d,buffer'; 


QUTA 
pin 
5; 


DMM 
node 
121 
istype 
, reg_t' ; 


EXPAND 
node 70; 


ACKL 
node 
813; 


CUPLTM 
pin 
1,2 
= 
LENA, 
CLOCK; 
pin 
4 
ACKi 


pin 
QUTA; 
pinnode 
105 
D~i 


Quadrant I 
Quadrant II 


Input 
SumTenn 
Input 
SumTenn 


Pin 
Latch 
A 
B 
C 
Pin 
Latch 
A 
B 
C 


4 
813 
761 
69 
121 
18 
826 
774 
82 
134 


5 
814 
762 
70 
122 
19 
827 
775 
83 
135 


6 
815 
763 
71 
123 
21 
828 
776 
84 
136 


7 
816 
764 
72 
124 
22 
829 
777 
85 
137 


8 
817 
765 
73 
125 
23 
830 
778 
86 
138 


9 
818 
766 
74 
126 
24 
831 
779 
87 
139 


10 
819 
767 
75 
127 
25 
832 
780 
88 
140 


11 
820 
768 
76 
128 
26 
833 
781 
89 
141 


12 
821 
769 
77 
129 
27 
834 
782 
90 
142 


13 
822 
770 
78 
130 
28 
835 
783 
91 
143 


14 
823 
771 
79 
131 
29 
836 
784 
92 
144 


15 
824 
772 
80 
132 
30 
837 
785 
93 
145 


17 
825 
773 
81 
133 
31 
838 
786 
94 
146 


6 BuriedLogicCells 
6 BuriedLogicCells 
B23 -B18 node 173 -178 
B17 -B12 node 179 -184 
LCK1 
pin1; 
Quadrant Latchclock 
LCK2 
pin34; Quadrant LatchClock 
RCK1 
pin2; 
Quadrant Synchronous RegisterClock 
RCK2 
pin32; Quadrant Synchronous RegisterClock 


Quadrant III 
Quadrant IV 


Input 
SumTenn 
Input 
SumTenn 


Pin 
Latch 
A 
B 
C 
Pin 
Latch 
A 
B 
C 


38 
839 
787 
95 
147 
52 
852 
800 
108 
160 


39 
840 
788 
96 
148 
53 
853 
801 
109 
161 


40 
841 
789 
97 
149 
55 
854 
802 
110 
162 


41 
842 
790 
98 
150 
56 
855 
803 
111 
163 


42 
843 
791 
99 
151 
57 
856 
804 
112 
164 


43 
844 
792 
100 
152 
58 
857 
805 
113 
165 


44 
845 
793 
101 
153 
59 
858 
806 
114 
166 


45 
846 
794 
102 
154 
60 
859 
807 
115 
167 


46 
847 
795 
103 
155 
61 
860 
808 
116 
168 


47 
848 
796 
104 
156 
62 
861 
809 
117 
169 


48 
849 
797 
105 
157 
63 
862 
810 
118 
170 


49 
850 
798 
106 
158 
64 
863 
811 
119 
171 


51 
851 
799 
107 
159 
65 
864 
812 
120 
172 


6 BuriedLogicCells 
6 BuriedLogicCells 
B11 -B6 node 185 -190 
B5 -BO node 191 -196 
LCK3 
pin35; Quadrant LatchClock 
LCK4 
pin68; Quadrant LatchClock 
RCK3 
pin36; Quadrant Synchronous RegisterClock 
RCK4 
pin66; Quadrant Synchronous RegisterClock 


• 


Quadrant I 
Quadrant II 


SumTenn 
SumTenn 


Pin 
A 
B 
C 
Pin 
A 
B 
C 


4 
157 
209 
105 
18 
158 
210 
106 


5 
156 
208 
104 
19 
159 
211 
107 


6 
155 
207 
103 
21 
160 
212 
108 


7 
154 
206 
102 
22 
161 
213 
109 


8 
153 
205 
101 
23 
162 
214 
110 


9 
152 
204 
100 
24 
163 
215 
111 


10 
151 
203 
99 
25 
164 
216 
112 


11 
150 
202 
98 
26 
165 
217 
113 


12 
149 
201 
97 
27 
166 
218 
114 


13 
148 
200 
96 
28 
167 
219 
115 


14 
147 
199 
95 
29 
168 
220 
116 


15 
146 
198 
94 
30 
169 
221 
117 


17 
145 
197 
93 
31 
170 
222 
118 


6 Buried Logic Cells 
6 Buried Logic Cells 
B23 - B18 node 74 - 69 
B17 - B12 node 75·80 
LCK1 
pin 1; 
Quadrant 
Latch Clock 
LCK2 
pin 34; 
Quadrant 
Latch Clock 
RCK1 
pin 2; 
Quadrant 
Synchronous 
Register 
Clock 
RCK2 
pin 32; 
Quadrant 
Synchronous 
Register 
Clock 


Quadrant III 
Quadrant IV 
SumTenn 
SumTenn 


Pin 
A 
B 
C 
Pin 
A 
B 
C 


38 
183 
235 
131 
52 
184 
236 
132 


39 
182 
234 
130 
53 
185 
237 
133 


40 
181 
233 
129 
55 
186 
238 
134 


41 
180 
232 
128 
56 
187 
239 
135 


42 
179 
231 
127 
57 
188 
240 
136 


43 
178 
230 
126 
58 
189 
241 
137 


44 
177 
229 
125 
59 
190 
242 
138 


45 
176 
228 
124 
60 
191 
243 
139 


46 
175 
227 
123 
61 
192 
244 
140 


47 
174 
226 
122 
62 
193 
245 
141 


48 
173 
225 
121 
63 
194 
246 
142 


49 
172 
224 
120 
64 
195 
247 
143 


51 
171 
223 
119 
65 
196 
248 
144 


6 Buried Logic Cells 
6 Buried Logic Cells 
B11 • B6 node 86 • 81 
B5 - BO node 87 - 92 
LCK3 
pin 35; 
Quadrant 
Latch Clock 
LCK4 
pin 68; 
Quadrant 
Latch Clock 
RCK3 
pin 36; 
Quadrant 
Synchronous 
Register 
Clock 
RCK4 
pin 66; 
Quadrant 
Synchronous 
Register 
Clock 


Input Latch 
Each of the 52 IlOs has an input latch that can be enabled and 
disabled individually. When the latch is enabled and latch clock 
is high, the pin value is latched. When the quadrant latch clock 
is low, the latch becomes 
transparent. 
When the latch is dis- 


abled, an ATV5000 
I/O acts like those of the ATV750 
and 


ATV2500 1I0s. The pin input is fed directly to the array (except 
when sum tenn B is being used as a buried feedback). 


011 j 
FROM 
LOGIC 
CELL 
---G)- 
OE 


The .D and the .LE (latch enable) equations are required to en- 
able the input latch in ABELT'"AHDL.The only allowed input to 
the latch is the 10 pin with which it is associated. The only al- 
lowed .LEinput is the quadrant latch clock (pin 1,34,35, or 68). 
Notice that CUPLTMdoes not have node numbers for the input 
latches. Any pin name used in a feedback with the dot extension 
IOL tells CUPU'"that particular pin should be a latched pin. 


ABEVMandAtmel.ABEVM 
CUPLTM 


ACKL.D 
= 
ACK; 


ACKL.LE 
= 
LENA; 


aurA 
: = 
ACKL; 


Internal Combinatorial Feedback 
for an I/O Cell 
To implement 
the combinatorial 
feedback of the B sum tenn, 


frrstdefine the node name with the corresponding 
node number. 
This node will take a five-product 
tenn equation. 
Regular syn- 


tax describing a combinatorial 
equation will describe the B sum 


tenn. 


Note: This B sum tenn node number is defined only when this 
feature is needed. When this feature is used, the output is from 


QI through an inverter/buffer. 
The lID pin becomes a output- 


only pin. It cannot be used as an input or as an inputloutput. 


ABELTMand Atmel-ABELTM 
CUPVM 


OUTA 
pin 
5; 


EXPAND 
node 
70; 


OUTA.D 
INA&INB' 
!INC&!IND; 


EXPAND 
= 
INA 
& 
!INC 
# 
INO; 


pin 
5 = 
aUTA; 
pinnade 
208 
= 
EXPAND; 


OUTA.D 
= 
INA&INB'! 
INC'! 
IND: 


EXPAND 
= 
INA 
& 
!TNe 
# 


INO; 


(OUTAand EXPANDare in the same I/O Logic Cell. OUTAis the 


QI output to pin after the inverter/buffer 
and EXPANDis the com- 


binatorial sum tenn feedback. The feedbacks 
from this Logic 
Cell are QI before the inverter/buffer, 
Q2, and the B sum tenn) 


Clocking Options 
There are different 
methods 
of clocking 
the registers 
in the 
ATV5000. 
The clock options can best described as either the 
ANDfunction of (Quadrant Clock & Clock Product Tenn) or 
purely the function of the Clock Product Tenn (like ATV750 
and ATV2500). 


Synchronous Operation 
The quadrant clock is the only clocking element in this mode of 
operation. The clock product tenn must be defined to be equal 
to 1. In ABELAHDL,.CKdefmes the clock product tenn and .CE 
is the corresponding 
quadrant clock. 
1----1 


~ 


cKnl 
I 
TO 
LOGIC 


CLOCK 
I 
CELL 


PRODUCT I 
SELECT 
I 
TERM 
L 
J • 


In CUPL, .CE has a different 
implication. 
The keyword 
.CE 
means the user wants the AND function 
(Quadrant 
Clock & 
Clock Product Tenn) for the clock. 


ABEVM and Atmel-ABEVM 
CUPLTM 


QUTA.CK 
1; 


QUTA.CE 
= 
CLOCKi 
"CLOCK 
is 
pin 
2 
QUTA.CE 
' Sf 1 i 


Gated Synchronous Operation 
This clock option still uses the fast quadrant register clock pin, 
but now it has a gating element. The clock product tenn enables 
or disables the clock going to the register. 


ABEVM and Atmel-ABELTM 
CUPLTM 


QUTA.CK 
INX 
& 
TNY 
& 
!INZ; 


QUTA.CE 
= 
CLOCK; 
"CLOCK 
is pin 
2 
QUTA.CE 
INX&INY&! 
INZ; 


Asynchronous Operation 
The quadrant clock has no effect on the register in this mode of 
clock option. The register is clocked by the clock product tenn 
like the ATV750 and ATV2500 registers. 


ABELTMand Atmel-ABELTM 
CUPLTM 


QUTA.CK 
= 
INA 
& 
!INS 
& 
INCi 
QUTA.CK 
INA 
& 
!INS 
& 


INCi 


A1iii[ 


Buried Logic Cells 
There are six Buried Logic Cells in each quadrant 
Every Bur- 
ied Logic Cell can be configured as a buried register or as a 
combinatorial feedback to the quadrant array. In the buried reg- 
ister mode, it's used the same way as QI and Q2.In the combi- 
natorial feedback mode, it's used the same way as the B sum 
term feedback. 


ABELTMand Atmel-ABELTM 
ADDR,XDATAnode 
173, 
174; 


AnDR 
= 
A16&1\15& 
!A14'RST; 


XOATA. 
T = !1\16 
& 
RST i 


XDATA. 
CK 
INA 
& 
INC; 


XDATA.AR 
= 
INSi 


CUPLTM 
pinnode 
74,73 
= 


ADDR, 
XOATAi 


ADDR = 
1\16&A15& 
!A14.RST; 


XCATA.T 
= 
!A16 
& 
RST; 


XDATA.CK 
INA 
& 
INCi 


XDATA.AR 
= 
INS; 


D-Type and T-Type Registers 
All the registers in the ATV5000 can be configured as D- or 
T-type. The ISTYPEstatement after the PINor NODEdefinition in 
ABEtAHDLtells ABELwhich type of register is needed. 


ABELTMand Atmel.ABELTM 
CUPLTM 


ABC 
node 
123 
istype 
pinnode 
103 
= ABC; 
, reg_t' 
; 


XYZ 
pin 
7 
istype 
, reg_d' 
; 


ABC.TINA 
& 
INS * 
INe; 


XYZ.D 
= 
!INA 
• 
INCi 


ABC.T 
= 
INA 
& 
INS 
:It 
INCi 


XYZ.D 
= 
!INA 
#- 
INCi 


In both languages, the .T extension is reserved for T flip-flop 
and .Dextension for D flip-flop. 


A1iiIi 


Asynchronous 
Preset 
One of the advantanges of having a programmable output polar- 
ity I/O is that the same combinatorial output often take fewer 
product terms to implement using negative logic rather than 
positive logic or vice versa. 


The same can be done for a registered output provided the 
power-up state is not crucial (all flip-flops are reset upon power 
up). With an Asynchronous Preset and an Asynchronous Reset, 
simply swap the two product terms and invert your equation and 
polaritywilllet you take advantage of expressing the same logic 
in a different polarity. The following example shows a 4-10-1 
reduction in product term requirement. 


ABELTMand Atmel-ABELTM 
CUPLTM 


OUTC 
pin 
8 
istype 
pin 
8 
OUTC; 


,invert, reg_d' ; 


QUTO 
pin 
9 istype 
pin 
9 
!OUToi 


'buffer,reg_d' 
; 


DUTC.D 
= 
INA' 
!INBIINC' 
!INO; 
DUTC.D 


INA'! INStINCt! 
IND; 


OUTC.CK 
eLK; 


OUTe 
.AR 
!INA 
& 
RS!; 


OUTe 
.AP 
INB 
& 


OUTC .CK 


OUTC.AR 


OUTC.AP 


CLK; 
!INA 
& 
RST; 


INB 
& 
PRESET; 


PRESET; 


OUTD.D 


!INA&INB&! 
INC&INO; 


OUTO.CK 
- 
CLK; 


OUTO .AR 
INS 
& 
PRESET; 


QUTO.AP 
= !INA 
& 
RST; 


QUTO.CK 


OUTO.AR 


OUTO.AP 


CLK; 


INS 
& 
PRESET; 
!INA 
& 
RST; 


module 
VSOOO; 


title 
'Demo 
ATVSOOO 
features 
with 
ATMEL-ABEL 
(IBM386 
or 
compatible) 


ATMEL 
Corporation 
EPLD 
Joe 
Yu 
April 
28, 
1991' 


VSK 
device 
'PSOOO'; 


The 
lOs, 
registers, 
latches, 
inputs, 
and 
combinatorial 
sum 
terms 
feedbacks 
are 
named 
with 
the 
following 
prefixes 
for 
clarity: 
Prefix 
I 
Quadrant 
Clocks, 
1atch 
Enables. 


10 
10 pins 


11 
Input 
1atches 
B1C 
- 
Buried 
10gic 
Cells 
STF 
Sum 
Term 
Feedbacks 
Valid 
ABEL 
AHD1 
identifiers 
can 
be 
used 
in place 
of 
them. 
declarations 
II 
pin 
1; 
" Quadrant 
1 
12 
pin 
2; 
" Quadrant 
1 
132 
pin 
32; 
"Quadrant 
2 
134 
pin 
34; 
"Quadrant 
2 
135 
pin 
35; 
"Quadrant 
3 
136 
pin 
36; 
"Quadrant 
3 
166 
pin 
66; 
"Quadrant 
4 
168 
pin 
68; 
"Quadrant 
4 


**** 
Quadrant 
I 
**** 
" I/O 
10GIC 
CE11 


1atch 
Enable/Input 
Synchronous 
Register 
Synchronous 
Register 
Latch 
Enable/Input 
1atch 
Enable/Input 
Synchronous 
Register 


Synchronous 
Register 
1atch 
Enable/Input 


104,105,106,107,108,109 
STF4,STF5,STF6,STF7,STF8,STF9 
I04Q1,I05Q1, 
I06Q1, I07Q1, I08Q1, I09Q1 
I04Q2,I05Q2,I06Q2,I07Q2,I08Q2,I09Q2 
1010, lOll, 1012, 1013, 1014,1015, 
1017 


STF10,STF11,STF12,STF13,STF14,STF15,STF17 
I010Q1,I011Q1,I012Q1,I013Q1,I014Q1,I015Q1,I017Q1 
IOlOQ2,I011Q2,I012Q2,I013Q2,I014Q2,I015Q2,I017Q2 
" 
INPUT 
1ATCHES 


114,115,116,117,118,119 
1110, I1ll, 1112, 1113, 1114, 1115, 1117 
" BURIED 
10GIC 
CE11 


B1C18,B1C19,B1C20,BLC21,BLC22,BLC23 
declarations 
11 
**** 
Quadrant 
II 
**** 
" I/O 
10GIC 
CE11 


STF18,STF19,STF21,STF22,STF23,STF24 
I018Q1,I019Q1,I021Q1,I022Q1,I023Q1,I024Q1 
I018Q2,I019Q2,I021Q2,I022Q2,I023Q2,I024Q2 
1025,1026,1027,1028,1029,1030,1031 
STF25,STF26,STF27,STF28,STF29,STF30,STF31 
I025Q1,I026Q1,I027Q1,I028Q1,I029Q1,I030Q1,I031Q1 
I025Q2, I026Q2,I027Q2,I028Q2, 
I029Q2,I030Q2, 
I031Q2 
" INPUT 
1ATCHES 


1118,1119,1121,1122,1123,1124 
1125,1126,1127,1128,1129,1130,1131 
" BURIED 
10GIC 
CE1L 


AlmlL 


Clock/Input 
Clock/Input 


Clock/Input 
Clock/Input 


pin 
4,5,6,7,8,9 
istype 
'buffer,reg_d'; 


node 
69,70,71,72,73,74; 
node 
761,762,763,764,765,766; 
node 
121,122,123,124,125,126; 
pin 
10,11,12,13,14,15,17 
istype 


'buffer, reg_d' 


node 
75,76,77,78,79,80,81; 
node 
767,768,769,770,771,772,773; 


node 
127,128,129,130,131,132,133; 


node 
813,814,815,816,817,818; 


node 
819,820,821,822,823,824,825; 


pin 
18,19,21,22,23,24 
istype 


'buffer,reg_d' 
; 
node 
82,83,84,85,86,87; 
node 
774,775,776,777,778,779; 
node 
134,135,136,137,138,139; 


pin 
25,26,27,28,29,30,31 
ISTYPE 
'BUFFER' 


node 
88,89,90,91,92,93,94; 
node 
780,781,782,783,784,785,786 


node 
140,141,142,143,144,145,146 


node 
826,827,828,829,830,831; 
node 
832,833,834,835,836,837,838; 


• 


I038,I039,I040,I041,I042,I043 
STF38,STF39,STF40,STF41,STF42,STF43 
I038Ql,I039Ql,I040Ql,I041Ql,I042Ql,I043Ql 
I038Q2,I039Q2,I040Q2,I041Q2,I042Q2,I043Q2 


I044, I045, I046, I047, I048, I049, I051 
STF44,STF45,STF46,STF47,STF48,STF49,STF51 
I044Ql,I045Ql,I046Ql,I047Ql,I048Ql,I049Ql,I051Ql 
I044Q2,I045Q2,I046Q2,I047Q2,I048Q2,I049Q2,I051Q2 
" INPUT 
LATCHES 


IL38,IL39,IL40,IL41,IL42,IL43 
IL44,IL45,IL46,IL47,IL48,IL49,IL51 
" BURIED 
LOGIC 
CELL 


declarations" 
**** 
Quadrant 
IV **** 
" I/O 
LOGIC 
CELL 


I052,I053,I055,I056,I057,I058 
STF52,STF53,STF55,STF56,STF57,STF58 
I052Ql,I053Ql,I055Ql,I056Ql,I057Ql,I058Ql 
I052Q2,I053Q2,I055Q2,I056Q2,I057Q2,I058Q2 
I059,I060,I061,I062,I063,I064,I065 
STF59,STF60,STF61,STF62,STF63,STF64,STF65 
I059Ql,I060Ql,I061Ql,I062Ql,I063Ql,I064Ql,I065Ql 
I059Q2,I060Q2,I061Q2,I062Q2,I063Q2,I064Q2, 
I065Q2 


" INPUT 
LATCHES 


IL52, IL53, IL55, IL56, IL57, IL58 
IL59,IL60,IL61,IL62,IL63,IL64,IL65 
" BURIED 
LOGIC 
CELL 


pin 
38,39,40,41,42,43; 


node 
95,96,97,98,99,100; 


node 
787,788,789,790,791,792; 
node 
147,148,149,150,151,152 
istype'reg_t' 
; 
pin 
44,45,46,47,48,49,51; 
node 
101,102,103,104,105,106,107; 


node 
793,794,795,796,797,798,799; 
node 
153,154,155,156,157,158,159; 


node 
839,840,841,842,843,844; 
node 
845,846,847,848,849,850,851; 


node 
190,189,188,187,186,185 
ISTYPE 
'REG_D'; 


pin 
52,53,55,56,57,58 
istype 
'buffer'; 
node 
108,109,110,111,112,113; 
node 
800,801,802,803,804,805; 
node 
160,161,162,163,164,165; 
pin 
59,60,61,62,63,64,65 
istype 
'buffer'; 


node 
114,115,116,117,118,119,120; 
node 
806,807,808,809,810,811,812; 
node 
166,167,168,169,170,171,172; 


node 
852,853,854,855,856,857; 
node 
858,859,860,861,862,863,864; 


BLCO,BLC1,BLC2,BLC3,BLC4,BLC5 
node 
196,195,194,193,192,191; 
H,L,C,D,K,U,X,Z 
= 
1,0, 
.C., 
.D., 
.K., 
.U., 
.X., 
.Z.; 


MACRO 
(INPUT 
LATCH) 
INPUT_LATCH 
MACRO 
(IL,IO,QUAD_LE) 
(?IL.D 
?IO; 
?IL.LE 
?QUAD_LE;) 
equations 
INPUT 
LATCH 
Each 
of 
the 
52 
I/Os 
has 
an 
input 
latch. 
When 
the 
quadrant 
latch 
enable 
is 
high, 
the 
pin 
value 
is 
latched. 


When 
the 
quadrant 
latch 
clock 
is 
low, 
the 
latch 
becomes 
transparent. 


IL4.D 
I04; 
"The.D 
and 
the 
.LE 
(latch 
enable) 
extentions 
are 
required 
to 
describe 
a 
IL4.LE 
Il; 
"latch 
in ABEL 
AHDL. 
The 
only 
allowed 
input 
to 
he 
latch 
is 
the 
IO pin 
it 


"associates 
with. 
Theonly 
allowed 
.LE 
input 
is 
the 
quadrant 
latch 
enable. 


"They 
are 
Pin 
1, 
34, 
35, 
and 
68. 


INPUT_LATCH 
macro 
is 
another 
way 
to 
describe 
the 
latch. 


INPUT_LATCH 
(IL5, I05, ll); 
"Latch 
Pin 
5 
INPUT_LATCH 
(IL6,I06,ll); 
"Latch 
Pin 
6 
I04 .d 
1I04 .fb; 
"When. 
oe 
is 
enabled 
by 
I08, 
I04 
outputs 
a 
bi t 
counter. 
I04.oe 
I08; 
" When 
.oe 
is 
disabled 
by 
1I08, 
I04 
latches 
a data 
bit 
from 
the 
bus. 
I04. ck 
1; 
I04.ce 
12; 
I07 
IL4; 
test_vectors 
( 
"Test the 
latches ... 
Ill, 12, I08, I04]-[I04, 
I07J) 
[ 0, 
0, 
1, X 
J 
-> 
[ 
0, 
0); 
"Transparent 


0, 
C, 
1, X 
U, 
0, 
0, a 
1, 
C, 
1, X 
1, 
C, 
1, X 
D, 
C, 
1, X 


0, 
C, 
1, X 
0, 
C, 
1, X 
U, 
0, 
0,1 


1, 
0, 
1, X 
1, 
C, 
1, X 


1, 
C, 
1, X 
equations 
CLOCKING 
OPTIONS 
There 
are 
different 
methods 
of 
clocking 
the 
registers 
in 
the 
ATV5000. 
The 
clock 
is 


best 
described 
as 
either 
the 
AND 
function 
of 
(Quadrant 
Clock 
& Clock 
Product 
term) 


or 
the 
product 
term 
by 
it 
self. 
In 
the 
following 
examples 
the 
register 
can 
be 
a 
name 
from 
a pin, 
Q1, 
Q2, 
or 
Buried 
Logic 
Cell. 
The 
register 
can 
be 
either 
.t or 


.d flip-flop. 
I022.d 
!I022.fb; 


I022.ck 
1018 
& 
!I019; 


1022.ar 
1021; 


1 
]; 
"Transparent 
° 
J; 
"Disable 
.oe and 
latch ° 


° 
J; 
° J; 
° ); 
1 ); 
° 
J; 


1 J; 
1 J; 
1 ); 
1 ]; 


"Latched ° 
"Latched ° 
"Transparent 
"Transparent 
"Transparent 
"Disable 
.oe 


"Latched 
"Latched 
"Latched 


I'Note there 
is 
no 
.ce equation 
defined. 
This 
is 
an 


"asynchronous 
clocking 
method 
where 
the 
quadrant 
clock 


"has 
no 
effect. 


-> 
1022 
]) 
• 


-> 
° 
J; 


-> 
° 
); 
-> 
1 
J; 
-> 
° 
J; 


test_vectors 
( 


(1018,1019,1021 
[ 
0, 
0,1 
[ 
0, 
0, ° 
[ 
C, 
0, ° 
[ 
C, 
0, ° 
equations 
I023.d 
!I023.fb; 


I023.ck 
1018 
& 
!I019; 


1023. ce 
132; 


I023.ar 
1021; 


test_vectors 
( 


[132,1018,1019,1021 
[ 
0, 
1,0, 
1 
[ 
C, 
0,0, 
° 
[ 
C, 
1,0, 
° 
( 
C, 
1,0, 
° 
equations 
1024. d 
!1024. fb; 


1024.ck 
1; 
1024.ce 
132; 


1024.ar 
1021; 


test_vectors 
( 


132, 
1021 
) 
-> 
1024 
J) 
0, 
1 
) 
-> 
° 
J; 


c, 
° 
) 
-> 
1 
); 


C, 
° 
) 
-> 
° 
J; 
c, 
° 
J 
-> 
[ 
1 
J; 


D-TYPE 
and 
T-TYPE 
REGISTERS 


All 
the 
registers 
in 
the 
ATV5000 
can 
be 
configured 
as 
D or 
T type. 
The 
ISTYPE 
statement 
after 
the 
PIN 
or 
NODE 
definition 
tells 
ABEL 
which 
type 
of 
register 
is 
needed. 
ABC 
node 
122 
istype 
'reg_t'; 


XYZ 
pin 
5 
istype 
'reg 
d'; 


Use 
the 
.t extension 
for 
ABC 
and 
.d extension 
for 
XYZ 
when 
you 
write 
the 
equations. 
equations 


'I 
3 Bit 
Synchronous 
Counter 


I038Q2.t 
1; 
I039Q2.t 
I038Q2; 


I040Q2.t 
I038Q2 
& 
I039Q2; 


"The 
clock 
product 
term 
(.ck) 
is 
used 
to 
gate 
the 
quadrant 
"clock 
pin. 
Using 
quadrant 
clock 
pin 
in 
a synchronous 
mode 


"allows 
higher 
clock 
rate. 
Pin 
32 
is 
the 
Quadrant 
2 clock 
pin. 


1023) ) 


OJ; 


OJ; 
1J ; 
0) ; 


"Product 
term 
blocks 
quadrant 
clock 
"Product 
term 
enables 
quadrant 
clock 


"Note 
that 
the 
.ck 
is 
defined 
to 
1. The 
quadrant 
clock 
is 
the 
only 


"clocking 
element. 
The 
.ce 
is 
Pin 
32 because 
it's 
the 
proper 
quadrant 


"clock 
to 
use 
for 
synchronous 
operation. 


using 
T 
flip-flops 


1038Q2 .ck 
1; 


I039Q2.ck 
1; 


I040Q2.ck 
1; 


1038Q2.ce 
I039Q2.ce 
I040Q2.ce 


136; 
136; 
136; 


I038Q2.ar 
I039Q2.ar 
1040Q2.ar 


1038; 
1038; 
1038; 


Aliii[ 


I040Q2,I039Q2,I038Q2]) 
0, 
0, 
0 
]; 


0, 
0, 
1 ]; 


0, 
I, 
0 J; 
0, 
I, 
1 J; 


1, 
0, 
0 ]; 


I, 
0, 
1 J; 
I, 
I, 
0 ]; 


I, 
I, 
1 J; 


0, 
0, 
0 
]; 


136, 
I038 
0, 
1 


C, 
0 
C, 
0 
C, 
0 
C, 
0 
C, 
0 
C, 
0 
C, 
0 
C, 
0 


equations 


II 
3 Bit 
Synchronous 
Counter 
BLC6.d 
lBLC6; 


BLC7.d 
= BLC6 
$ 
BLC7; 


BLC8.d 
= BLC8 
$ 
(BLC6 
& BLC7); 
test 
vectors 
( 


136, 
1038 
] 
-> 
[BLC8,BLC7,BLC6]) 


0, 
1] 
-> 
0, 
0, 
0] 
; 


C, 
0] 
-> 
0, 
0, 
1]; 


C, 
0] 
-> 
0, 
I, 
0 J; 


C, 
0 
J 
-> 
0, 
I, 
1 J; 
C, 
0] 
-> 
I, 
0, 
0 
J; 
C, 
0] 
-> 
I, 
0, 
1]; 


C, 
0] 
-> 
I, 
I, 
0]; 


C, 
0] 
-> 
I, 
I, 
1]; 


C, 
0] 
-> 
[ 
0, 
0, 
0 J; 


UNIVERSAL 
AND 
REGIONAL 
PRODUCT 
TERMS 
A 
Regional 
product 
term 
has 
inputs 
from 
all 
the 
feedbacks 
of 
its 
quadrant 
Buried 
Logic 
Cells, 
Ql's, 
Q2'5, 
and 
the 
dedicated 
Inputs. 
In addition, 
a Universal 
product 
term 
has 
the 
Pin/B 
Sum 
Term 
Feedbacks. 


OUTPUTS 
and 
FEEDBACKS 
Combinatorial: 
Use 
10 pin 
name 
to 
define 
the 
equation. 
The 
sum 
terms 
may 
combine 
to 
allow 
5, 
9, 
or 
13 product 
terms 
depending 
on 
the 
need 
of 
the 
reduced 
equation. 
If 
the 
reduced 
equation 
requires 
5 
or 
less 
product 
terms, 
it 
leaves 
01 
and 
02 
each 
with 
4 product 
terms 
to 
use. 


using 
D 
flip-flops 
BLC6.ck 
1; 


BLC7.ck 
1; 


BLC8.ck 
1; 


BLC6.ar 
BLC7.ar 
BLC8.ar 


1038; 
1038; 
1038; 


BLC6.ce 
BLC7.ce 
BLC8.ce 


136; 
136; 
136; 


up 
to 
5 PRODUCT 
TERMS 
(2 UNIVERSAL) 


1 PRODUCT 
TERM 
(1 UNIVERSAL) 


up 
to 
4 PRODUCT 
TERMS 
(1 UNIVERSAL) 
1 PRODUCT 
TERM 
(1 UNIVERSAL) 


QUADRANT 
CLOCK 


1 PRODUCT 
TERM 
(1 UNIVERSAL) 


1 PRODUCT 
TERM 
(1 UNIVERSAL) 


up 
to 
4 PRODUCT 
TERMS 
(1 UNIVERSAL) 


1 PRODUCT 
TERM 
(1 UNIVERSAL) 


QUADRANT 
CLOCK 
1 PRODUCT 
TERM 
(1 UNIVERSAL) 


1 PRODUCT 
TERM 
(0 UNIVERSAL) 
SOURCE: 
Pin 
feedback, 
after 
the 
buffer/inverter. 


Q1 
register 
feedback. 


Q2 
register 
feedback. 


I052 
I052.oe 
I052Q1. 
(d or 
t) 
I052Q1.ck 
I052Q1.ce 
I052Q1.ar 
I052Q1.ap 
I052Q2. 
(d or 
t) 
I052Q2.ck 
I052Q2.ce 
I052Q2.ar 
I052Q2.ap 
ALLOWED 
FEEDBACKS: 
1052 
I052Q1,I052Q1.FB 
I052Q2,I052Q2.FB 
Combinatorial: 
If 
the 
reduced 
equation 
requires 
6 to 
9 product 
terms, 
it 
terms 
to 
use. 
Q1 
will 
feedback 
the 
A 
Sum 
Term 
portion 
of 


1052 
up 
to 
9 PRODUCT 
TERMS 
(3 UNIVERSAL) 


I052.oe 
1 PRODUCT 
TERM 
(1 UNIVERSAL) 


I052Q2. 
(d or 
t) 
up 
to 
4 PRODUCT 
TERMS 
(1 UNIVERSAL) 


I052Q2.ck 
1 PRODUCT 
TERM 
(1 UNIVERSAL) 


I052Q2.ce 
QUADRANT 
CLOCK 
I052Q2.ar 
1 PRODUCT 
TERM 
(1 UNIVERSAL) 


I052Q2.ap 
1 PRODUCT 
TERM 
(0 UNIVERSAL) 


leaves 
Q2 
with 
4 product 
the 
output 
logic. 


ALLOWED FEEDBACKS: 
SOURCE: 
I052,I052.PIN 
Pin feedback, after the buffer/inverter. 
I052Q2,I052Q2.FB,I052Q2.Q 
Q2 register feedback. 
Combinatorial: 
If the reduced equation requires more than 9 product terms, it leaves no product 
terms for Ql and Q2. Ql feeds back A Sum Term and Q2 feeds back C Sum Term 
1052 
up to 13 PRODUCT TERMS 
(4 UNIVERSAL) 


I052.oe 
1 PRODUCT TERM (l UNIVERSAL) 


ALLOWED FEEDBACKS: 
SOURCE: 
1052 
Pin feedback, after the buffer/inverter. 
Registered: 
Use 10 pin name to define the equation. The sum terms may combine to allow 4, 9, 
or 13 product terms depending on the need of the reduced equation. If the reduced 
equation 
requires 
4 
or 
less 
product 
terms, 
you 
may 
define 
a 
5 product 
term 
equation for the STF (Sum Term Feedback) and define a 4 product term equation for 
Q2. 
I052. (d or t) 
up to 4 PRODUCT TERMS 
(1 UNIVERSAL) 
I052.oe 
1 PRODUCT TERM 
(1 UNIVERSAL) 


I052.ck 
1 PRODUCT TERM 
(1 UNIVERSAL) 
I052.ce 
QUADRANT CLOCK 
I052.ar 
1 PRODUCT TERM 
(1 UNIVERSAL) 


1052.ap 
1 PRODUCT TERM 
(1 UNIVERSAL) 
STF52 
up to 5 PRODUCT TERMS 
(2 UNIVERSAL) 
7 


I052Q2. (d or t) 
up to 4 PRODUCT TERMS 
(1 UNIVERSAL) 
I052Q2.ck 
1 PRODUCT TERM (1 UNIVERSAL) 
I052Q2.ce 
QUADRANT CLOCK 
I052Q2.ar 
1 PRODUCT TERM 
(1 UNIVERSAL) 
I052Q2.ap 
1 PRODUCT TERM (0 UNIVERSAL) 


ALLOWED FEEDBACKS: 
I052.FB 
I052Q2,I052Q2.FB 
STF52 


SOURCE: 
Register feedback prior to buffer/inverter. 
Q2 register feedback. 
Sum 
Term 
Feedback 
for 
logic 
expansion. 
Registered: 
If 
the 
reduced 
equation 
requires 
9 to 
5 product 
terms, 
you 
may 
write 
a 
4 product 
term 
equation 
for 02. 
1052. (d or t) 
up to 9 PRODUCT TERMS 
(3 UNIVERSAL) 
I052.oe 
1 PRODUCT TERM 
(1 UNIVERSAL) 
I052.ck 
1 PRODUCT TERM 
(1 UNIVERSAL) 
I052.ce 
QUADRANT CLOCK 
I052.ar 
1 PRODUCT TERM 
(1 UNIVERSAL) 
I052.ap 
1 PRODUCT TERM 
(1 UNIVERSAL) 
I052Q2. (d or t) 
up to 4 PRODUCT TERMS 
(1 UNIVERSAL) 
I052Q2.ck 
1 PRODUCT TERM (1 UNIVERSAL) 
I052Q2.ce 
QUADRANT CLOCK 
I052Q2.ar 
1 PRODUCT TERM (1 UNIVERSAL) 
I052Q2.ap 
1 PRODUCT TERM (0 UNIVERSAL) 
ALLOWED FEEDBACKS: 
SOURCE: 
1052 
Pin feedback, after the buffer/inverter. 
I052.FB 
Register feedback prior to buffer/inverter. 


I052Q2,I052Q2.FB, 
Q2 register feedback. 
Registered: 
If 
the 
reduced 
equation 
requires 
more 
than 
9 product 
terms, 
it 
leaves 
zero 
product terms for Ql and Q2. 
1052. (d or t) 
up to 13 PRODUCT TERMS 
(4 UNIVERSAL) 
I052.oe 
1 PRODUCT TERM 
(1 UNIVERSAL) 
I052.ck 
1 PRODUCT TERM 
(1 UNIVERSAL) 
I052.ce 
QUADRANT CLOCK 
I052.ar 
1 PRODUCT TERM 
(1 UNIVERSAL) 
I052.ap 
1 PRODUCT TERM (1 UNIVERSAL) 
ALLOWED FEEDBACKS: 
SOURCE: 
1052, 
Pin feedback, after the buffer/inverter. 
I052.FB 
Register feedback prior to buffer/inverter. 


AlmEL 


AP, 
AR, 
and 
CK 
Each 
of 
the 
128 
registers 
has 
its 
own 
.AP 
(Asynchronous 
Preset), 
.AR 
(Asynchronous 
Reset) 
and 
.CK. 
All 
ARs 
and 
CKs 
are 
Universal 
product 
terms. 
The 
APs 
are 
Universal 
product 
terms 
except 
the 
APs 
for 
Q2. 


NOTE: 
AP 
and 
AR 
should 
never 
be 
active 
at 
the 
same 
time. 
equations 
I010.d 
!I010.fb; 


I010.ck 
108; 


I010.ar 
1011; 


I010.ap 
1012; 


test 
vectors 
( 


108, 
1011, 
1012 
-> 
0, 
1, a 
-> 
0, 
0, a 
-> 
c, 
0, 
a 
-> 
C, 
0, 
0 
-> 
0, 
0, 1 
-> 
0, 
1, a 
-> 
BURIED 
LOGIC 
CELLS 
Buried 
Logic 
Cell 
can 
be 
configured 
as 
a 
register 
feedback 
like 
Q2. 
It 
can 
also 
be 
configured 
as 
combinatorial 
feedback 
to 
accommodate 
for 
logic 
expansion. 


equations 
BLC17.t 
BLC17.ck 
BLC17.ar 
BLC14 
1025 
1026 


1; 
"Registered 
I09; 
1021; 
II; 
ITCombinatiorial 
BLC17; 
BLC14; 


( 


11 
test 
[I09, 
[ 
0, 


[ 
C, 


[ 
0, 
[ 
C, 


[ 
C, 
END; 


vectors 
1021, 
1, 
a 
0, 
a 
0, 
1 
0, 
1 
0, a 


I010J) 


a 
1; 


a 
l; 


1 
] ; 


a 
]; 


1 
J; 


a 
1; 


BLC17,BLC14,I025,I026)) 
0, 
0, 
0, 
0 
]; 


1, 
0, 
1, 
0 
]; 


1, 
1, 
1, 
1 1; 


0, 
1, 
0, 
1 ]; 
1, 
0, 
1, 
0 
]; 


Name 
V5K; 
Partno 
NA; 
Date 
7/22/91; 
Revision 
01; 
Designer 
Joe 
Yu; 
Company 
ATMEL 
Corporation; 
Assembly 
NA; 
Location 
U1; 
Device 
V5000; 
Format 
j; 
1* 
Compiled 
with 
CUPL 
386 
version 
*1 


1* 
The 
lOs, 
registers, 
inputs, 
and 
combinatorial 
* 
the 
following 
prefixes 
for 
clarity: 


111: 
Prefix 


* 
I 
* 
10 
* 
BLC 
* 
STF 
* 
Valid 
pin 
1 
pin 
2 
pin 
32 
pin 
34 
pin 
35 
pin 
36 
pin 
66 
pin 
68 


Quadrant 
Clocks, 
Latch 
Enables. 
10 pins 
Buried 
Logic 
Cells 
Sum 
Term 
Feedbacks 
CUPL 
HDL 
identifiers 
can 
be 
used 
in 
II; 
1* 
Quadrant 
1 
12; 
1* 
Quadrant 
1 
132; 
1* Quadrant 
2 
134; 
1* Quadrant 
2 
135; 
1* 
Quadrant 
3 
136; 
1* 
Quadrant 
3 
166; 
1* 
Quadrant 
4 
168; 
1* 
Quadrant 
4 
/**** 
Quadrant 
I 
****/ 
1* 
1/0 
LOGIC 
CELL 
*1 


1* 
~~~~~~===~~~~~ 
*1 


pin 
[4 ..9J 
pinnode 
[209 ..204] 
pinnode 
[157 ..152J 
pinnode 
[105 ..100] 
pin 
[10 ..15, 17] 
pinnode 
[203 ..197] 
pinnode 
[151 ..145] 
pinnode 
[99 ..93] 
1* 
BURIED 
LOGIC 
CELL 


1* 
==~============== 
pinnode 
[69 ..74 J 
/**** 
Quadrant 
II 
****/ 


1* 
1/0 
LOGIC 
CELL 
*1 
1* ====~~~======= 
*1 


pin 
[18,19,21. 
.24J 
pinnode 
[210 ..215] 
pinnode 
[158 ..163] 
pinnode 
[106 ..111J 
pin 
[25 ..31] 
pinnode 
[216 ..222J 
pinnode 
[164 ..170J 
pinnode 
[112 ..118J 


1* BURIED 
LOGIC 
CELL 


1* ====~============ 
pinnode 
[80 ..75] 
[BLCl2 ..17]; 
/**** 
Quadrant 
III 
****/ 
1* 
1/0 
LOGIC 
CELL 
*1 
1* ============== 
*1 
pin 
[38 ..43] 
pinnode 
[235 ..230J 


place 
of 
them. 
*1 
Latch 
Enable/lnput 
Synchronous 
Register 
Synchronous 
Register 
Latch 
Enable/lnput 
Latch 
Enable/lnput 
Synchronous 
Register 
Synchronous 
Register 
Latch 
Enable/lnput 


*1 
Clock/lnput 
*1 
Clock/lnput 
*1 
*1 
*1 
*1 
*1 
*1 


Clock/lnput 
Clock/lnput 


[104 ..9J; 
[STF4 ..9J; 
[104Ql,105Q1,106Ql,107Q1,108Q1,109Q1J; 
[104Q2,105Q2,106Q2,107Q2,108Q2,109Q2J; 
[I010 ..15,1017]; 
[STF10 ..15,STF17]; 
[1010Q1,1011Q1,1012Q1,1013Q1,1014Q1,1015Q1,1017Q1]; 
[1010Q2,1011Q2,1012Q2,1013Q2,1014Q2,1015Q2,1017Q2J; 


[1018,1019, 
IOn 
..24J; 
[STF18,STF19,STF21 
..24]; 
[1018Q1, 1019Ql,1021Q1,1022Q1,1023Ql, 
1024Q1]; 
[1018Q2,1019Q2,1021Q2,1022Q2,1023Q2,1024Q2]; 
[1025 ..31] ; 
[STF25 ..31]; 
[1025Q1,1026Ql,1027Q1,1028Q1,1029Q1,1030Q1,1031Ql]; 
[1025Q2,1026Q2,1027Q2,1028Q2,1029Q2,1030Q2,1031Q2]; 


[1038 ..43]; 
[STF38 ..43]; 


AlmEL 


• 


[I038Ql,I039Ql,I040Ql,I041Ql,I042Ql,I043Ql]; 
[I038Q2,I039Q2,I040Q2,I041Q2,I042Q2,I043Q2]; 
[1044 ..49,1051]; 
[STF44 ..49,STF51); 
[I044Ql,I045Ql,I046Ql,I047Ql,I048Ql,I049Ql,I051Ql); 
[I044Q2,I045Q2,I046Q2,I047Q2,I048Q2,I049Q2,I051Q2); 


pinnode 
[131 ..126] 
pin 
[44 ..49, 51] 
pinnode 
[229 ..223] 
pinnode 
[177 ..171) 
pinnode 
[125 ..119] 
/* 
BURIED 
LOGIC 
CELL 
/* ================= 
pinnode 
[81 ..86] 


/**** 
Quadrant 
IV 
****/ 
/* 
I/O 
LOGIC 
CELL 
*/ 
/* ============== 
*/ 
pin 
[52,53,55 
..58] 
pinnode 
[236 ..241] 
pinnode 
[184 ..189J 
pinnode 
[132 ..137] 
pin 
[59 ..65J 
pinnode 
[242 ..248] 
pinnode 
[190 ..196] 
pinnode 
[138 ..144J 
/* 
BURIED 
LOGIC 
CELL 
/* ================= 
pinnode 
[92 ..87] 
/ * 
INPUT 
LATCH 
Each 
of 
the 
52 
I/Os 
has 
an 
input 
latch. 
When 
the 
quadrant 
latch 
enable 
is 
high, 
the 
pin 
value 
is 
latched. 
When 
the 
quadrant 
latch 
clock 
is 
low, 
the 
latch 
becomes 
transparent. 
*/ 
104. d 
!104; 
I04.oe 
I08.io; 
I04.ce 
'B'li 
107 
104. lOL; 


[1052,1053,1055 
..58]; 
[STF52,STF53,STF55 
..58]; 


[I052Ql,I053Ql,I055Ql,I056Ql,I057Ql,I058Ql); 
[I052Q2,I053Q2,I055Q2,I056Q2,I057Q2,I058Q2]; 
[1059 ..65); 
[STF59 ..65J; 
[I059Ql,I060Ql,I061Ql,I062Ql,I063Ql,I064Ql,I065Ql]; 
[I059Q2,I060Q2,I061Q2,I062Q2,I063Q2,I064Q2,I065Q2]; 


/* 
When 
the 
latched 
is 
configured 
as 
CLOCKING 
OPTIONS 
There 
are 
different 
methods 
of 
clocking 
the 
registers 
in 
the 
ATV5000. 
The 
clock 
is 
best 
described 
as 
either 
the 
AND 
function 
of 
(Quadrant 
Clock 
& Clock 
Product 
term) 
or 
the 
product 
term 
by 
it 
self. 
In the 
following 
examples 
the 
register 
can 
be 
a 
name 
from 
a pin, 
01, 
02, 
or 
Buried 
Logic 
Cell. 
The 
register 
can 
be 
either 
.t 
or 
.d 
flip-flop. 
* / 
I022.d 
!I022; 
I022.ck 
1018 
& 
I022.ar 
1021; 


input 
is 
needed 
in 
the 
design, 


having 
a 
latched 
input. 
i.e .. 
*/ 


!I019; /* Note 
there 
is no 
.ce equation 
defined. 
This 
is 
an 
/* asynchronous 
clocking 
method 
where 
the 
quadrant 
clock 
/* has 
no 
effect. 
I023.d 
I023.ce 
I023.ar 
I024.d 


!I023; 
1018 
& 
1021; 
!1024; 


!I019; 
/* 
The 
clock 
product 
term 
is 
used 
to 
gate 
the 
quadrant 
/* clock 
pin.Using 
quadrant 
clock 
pin 
in 
a 
synchronous 
/* mode 
allows 
higher 
clock 
rate. 
Pin 
32 
is 
the 
Quadrant 
/* 2 
clock 
pin. 
1024.d 
!I024; 
I024.ce 
'B'l; 
/* 
Note 
that 
the 
.ce 
is 
defined 
to 
1. The 
quadrant 
clock 
*/ 
I024.ar 
1021; 
/* 
is 
the 
only 
clocking 
element. 
The 
clock 
is 
Pin 
32 
*/ 
/* 
because 
it's 
the 
proper 
quadrant 
clock 
to 
use 
for 
*/ 


/* 
synchronous 
operation. 
*/ 
/* 
D-TYPE 
and 
T-TYPE 
REGISTERS 
All 
the 
registers 
in 
the 
ATV5000 
can 
be 
configured 
as 
D or 
T type. 
Use 
the 
.d 
extension 
for 
D 
type 
register 
and 
.t 
extension 
for 
T 
type 
register. 
*/ 
/* 
3 Bit 
Synchronous 
Counter 
using 
T 
flip-flops 
*/ 
I038Q2. t 
'B' 1; 
I038Q2. ce 
'B' 1; 
I038Q2. ar 
1038; 
I039Q2.t 
= 
I038Q2; 
I039Q2.ce 
= 
'B'l; 
I039Q2.ar 
1038; 
I040Q2.t 
= 
I038Q2 
& 
I039Q2; 
I040Q2.ce 
= 
'B'l; 
I040Q2.ar 
1038; 


/* 
3 Bit 
Synchronous 
Counter 
using 
D 
flip-flops 
*/ 
BLC6.d 
!BLC6; 
BLC6.ce 
'B'l; 
BLC6.ar 
1038; 


BLC7.d 
BLC6 
$ 
BLC7; 
BLC7.ce 
'B'l; 
BLC7.ar 
1038; 
BLC8.d 
BLC8 
$ 
(BLC6 
& BLC7); 
BLC8.ce 
'B'l; 
BLC8.ar 
1038; 


/* 
UNIVERSAL 
AND 
REGIONAL 
PRODUCT 
TERMS 
A 
Regional 
product 
term 
has 
inputs 
from 
all 
the 
feedbacks 
of 
its 
quadrant 
Buried 


Logic 
Cells, 
Ql's, 
Q2's, 
and 
the 
dedicated 
Inputs. 
In addition, 
a Universal 
product 
term 
has 
the 
Pin/B 
Sum 
Term 
Feedbacks. 
*/ 
/* 
OUTPUTS 
and 
FEEDBACKS 
Combinatorial: 
Use 
10 pin 
name 
to 
define 
the 
equation. 
The 
sum 
terms 
may 
combine 
to 
allow 
5, 
9, 
or 
13 product 
terms 
depending 
on 
the 
need 
of 
the 
reduced 
equation. 
If 
the 
reduced 
equation 
requires 
5 or 
less 
product 
terms, 
it 
leaves 
Ql 
and 
Q2 
each 
with 
4 product 
terms 
to 
use. 


1052 
I052.oe 
I052Ql. 
(d or 
t) 


I052Ql. 
(ck or 
ce) 
1052Ql.ar 
1052Ql.ap 
1052Q2. 
(d or 
t) 


I052Q2. 
(ck or 
ce) 


I052Q2.ar 
I052Q2.ap 
ALLOWED 
FEEDBACKS: 
1052,1052.10 
I052Ql 
I052Q2 
/* 
Combinatorial: 
If 
the 
reduced 
equation 
requires 
6 to 
9 product 
terms, 
it 
leaves 
Q2 
with 
4 product 
terms 
to 
use. 
QI 
will 
feedback 
the 
A 
Sum 
Term 
portion 
of 
the 
output 
logic. 
1052 
up 
to 
9 PRODUCT 
TERMS 
(3 UNIVERSAL) 


1052.oe 
1 PRODUCT 
TERM 
(1 UNIVERSAL) 
1052Q2. 
(d or 
t) 
up 
to 
4 PRODUCT 
TERMS 
(l UNIVERSAL) 


I052Q2. 
(ck or 
ce) 
1 PRODUCT 
TERM 
(1 UNIVERSAL) 


I052Q2.ar 
1 PRODUCT 
TERM 
(1 UNIVERSAL) 


I052Q2. ap 
1 PRODUCT 
TERM 
(0 UNIVERSAL) 


ALLOWED 
FEEDBACKS: 
SOURCE: 
1052,1052.10 
Pin 
feedback, 
after 
the 
buffer/inverter. 


I052Q2 
Q2 
register 
feedback. 
*/ 
/* 
Combinatorial: 
If 
the 
reduced 
equation 
terms 
for 
Ql 
and 
Q2. 
Ql 
1052 
I052.oe 
ALLOWED 
FEEDBACKS: 


1052,1052.10 
/* 
Registered: 
Use 
10 
pin 
name 
to 
define 
the 
equation. 
The 
sum 
terms 
may 
combine 
to 
allow 
4, 
9, 
or 
13 product 
terms 
depending 
on 
the 
need 
of 
the 
reduced 
equation. 
If the 
reduced 
equation 
requires 
4 
or 
less 
product 
terms, 
you 
may 
define 
a 
5 product 
term 
equation 
for 
the 
STF 
(Sum 
Term 
Feedback) 
and 
define 
a 4 product 
term 
equation 
for 
Q2. 
1052. (d or 
t) 
I052.oe 
1052. (ck or 
ce) 
I052.ar 
1052.ap 
STF52 
~ 
up 
to 
5 
1052Q2. 
(d or 
t) 
I052Q2. 
(ck or 
ce) 
1052Q2.ar 
I052Q2.ap 
ALLOWED 
FEEDBACKS: 
I052 
I052Q2 
STF52 


up 
to 
5 PRODUCT 
TERMS 
(2 UNIVERSAL) 


1 PRODUCT 
TERM 
(1 UNIVERSAL) 


up 
to 
4 PRODUCT 
TERMS 
(1 UNIVERSAL) 


1 PRODUCT 
TERM 
(1 UNIVERSAL) 


1 PRODUCT 
TERM 
(1 UNIVERSAL) 


1 PRODUCT 
TERM 
(1 UNIVERSAL) 


up 
to 
4 PRODUCT 
TERMS 
(1 UNIVERSAL) 


1 PRODUCT 
TERM 
(1 UNIVERSAL) 


1 PRODUCT 
TERM 
(1 UNIVERSAL) 


1 PRODUCT 
TERM 
(0 UNIVERSAL) 


SOURCE: 
Pin 
feedback, 
after 
the 
buffer/inverter. 


Ql 
register 
feedback. 
Q2 
register 
feedback. 


requires 
more 
than 
9 product 
terms, 
it 
leaves 
no 
product 
feeds 
back 
A. 
Sum 
Term 
and 
Q2 
feeds 
back 
C 
Sum 
Term. 
up 
to 
13 PRODUCT 
TERMS 
(4 UNIVERSAL) 


1 PRODUCT 
TERM 
(1 UNIVERSAL) 


SOURCE: 
Pin 
feedback, 
after 
the 
buffer/inverter. 


up 
to 
4 PRODUCT 
TERMS 
(1 UNIVERSAL) 


1 PRODUCT 
TERM 
(1 UNIVERSAL) 


1 PRODUCT 
TERM 
(1 UNIVERSAL) 


1 PRODUCT 
TERM 
(1 UNIVERSAL) 


1 PRODUCT 
TERM 
(1 UNIVERSAL) 


PRODUCT 
TERMS 
(2 UNIVERSAL) 
up 
to 
4 PRODUCT 
TERMS 
(1 UNIVERSAL) 


1 PRODUCT 
TERM 
(1 UNIVERSAL) 


1 PRODUCT 
TERM 
(1 UNIVERSAL) 


1 PRODUCT 
TERM 
(0 UNIVERSAL) 


SOURCE: 
Register 
feedback 
prior 
to 
buffer/inverter. 


Q2 
register 
feedback. 


Sum 
Term 
Feedback 
for 
logic 
expansion. 


AlmEL 


• 


/ * 
Registered: 
If 
the 
reduced 
equation 
term 
equation 
for 
02. 
1052. (d or 
t) 
I052.oe 
1052. (ck or 
ce) 
I052.ar 
I052.ap 
I05202. 
(d or 
t) 


105202. 
(ck or 
ce) 
I05202. ar 
I05202.ap 
ALLOWED 
FEEDBACKS: 
1052.10 
I052 
105202 
/* 
Registered: 
If 
the 
reduced 
equation 
terms 
for 
01 
and 
02. 
I052. (d or 
t) 
I052.oe 
1052. (ck or 
ce) 
I052.ar 
I052.ap 
ALLOWED 
FEEDBACKS: 
I052.IO 
1052 


up 
to 
9 PRODUCT 
TERMS 
(3 UNIVERSAL) 


PRODUCT 
TERM 
(1 UNIVERSAL) 


PRODUCT 
TERM 
(1 UNIVERSAL) 


PRODUCT 
TERM 
(1 UNIVERSAL) 


1 PRODUCT 
TERM 
(1 UNIVERSAL) 


up 
to 
4 PRODUCT 
TERMS 
(1 UNIVERSAL) 


1 PRODUCT 
TERM 
(1 UNIVERSAL) 
1 PRODUCT 
TERM 
(1 UNIVERSAL) 


1 PRODUCT 
TERM 
(0 UNIVERSAL) 


SOURCE: 
Pin 
feedback, 
after 
the 
buffer/inverter. 
Register 
feedback 
prior 
to 
buffer/inverter. 
02 
register 
feedback. 
*/ 


up 
to 
13 PRODUCT 
TERMS 
(4 UNIVERSAL) 
PRODUCT 
TERM 
(1 UNIVERSAL) 


PRODUCT 
TERM 
(1 UNIVERSAL) 
PRODUCT 
TERM 
(1 UNIVERSAL) 
1 PRODUCT 
TERM 
(1 UNIVERSAL) 


SOURCE: 
Pin 
feedback, 
after 
the 
buffer/inverter. 
Register 
feedback 
prior 
to 
buffer/inverter. 
*/ 
/* 
AP, 
AR, 
and 
CK 
Each 
of 
the 
128 
registers 
has 
its 
own 
.AP 
(Asynchronous 
Preset), 
.AR 
(Asynchronous 
Reset) 
and 
.CK or 
.CE. 
All 
ARs 
and 
CKs 
are 
Universal 
product 
terms. 
The 
APs 
are 
Universal 
product 
terms 
except 
the 
APs 
for 
02. 


NOTE: 
AP 
and 
AR 
should 
never 
be 
active 
at 
the 
same 
time. 
*/ 
IOI0.d 
!IOI0; 
IOI0.ck 
108; 


IOI0.ar 
1011; 


IOI0.ap 
1012; 
/* 
BURIED 
LOGIC 
CELLS 
Buried 
Logic 
Cell 
can 
be 
configured 
as 
a 
register 
feedback 
like 
02. 
It can 
also 
be 
configured 
as 
combinatorial 
feedback 
to 
accommodate 
for 
logic 
expansion. 
*/ 
BLCI7. t 
'B' 1; 
/*Registered 
*/ 
BLCI7.ck 
109; 
BLCI7.ar 
1021; 
BLC14 
II; /*Combinatiorial 
*/ 
1025 
BLCI7; 
1026 
BLCI4; 


END; 


Features 


• 
Advanced Programmable Logic Device - High Gate Utilization 
• 
Pin-Compatible with Atmel's ATV5000 
• 
Flexible Interconnect 
Architecture - Similar to ATVSOOOwith More 
Emphasis on Universal Routing 
• 
Flexible Logic Cells -128 Flip-Flops and 52 Latches 
• 
Multiple Flip-Flop Types - Synchronous or Asynchronous Registers 
• 
High Speed - 50 MHz Operation 
• 
Complete Third Party Software Support 
No Placement, Routing or Layout Software Required 
• 
Proven and Reliable High Speed CMOS EPROM Process 
2000 V ESD Protection 
200 mA Latchup Immunity 
• 
Reprogrammable - Tested 100% for Programmability 
• 
Commercial, Industrial and Military Temperature Grades 


8 
INPUT 
PINS 
52 
I/O 
PINS 


UNIVERSAL 
AND 
REGIONAL 
INTERCONNECT 


Description 


The Atrnel V5IOO is an easy to use, high density programmable 
logic device. Its simple, reg- 
ular architecture translates into increased utilization and high performance. Additional univer- 
sal routing simplifies design fitting. 


The ATV5IOO has one programmable 
combinatorial 
logic array. This guarantees easy inter- 
connection 
of and uniform performance 
from all nodes. "Sum terms", which are easy to use 
groupings of AND-OR 
gates, provide combinatorial 
logic blocks. Sum terms can be wire- 
OR'd together to integrate larger logic blocks. To expand the levels of logic, buried sum terms 


continued on next page 


Chip Carrier 
Pin Configuration 


vcc 
GND 
,--1.0 
---, 
I r IN,1 IN r-- LO-, 


1 


r 
1 
GND 


vel 
18 


L1l 


1 


J 
vcc 


52 .b 
J 
GND 
1 


J 


Pin Name 
Function 


IN 
Logic and Clock Inputs 


Pins 2,32,36,66 
Input/Register Clocks 1-4 


Pins 1,34,35,68 
InputlLatch Clocks 1-4 


I/O 
Bidirectional Buffers 


VCC 
+5 V Supply 


3. 
L--K)---JIN 
IL N ~l L--VQ----l 


GND 
VCC 
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High Density 
UV Erasable 
Programmable 
Logic Device 
• 


AlmEL 


Description 
(Continued) 


feed back into the logic array. The 52 110 pins can each be 
driven by a register or a sum term. Each 110 pin has an individ- 
ually enabled input latch. 


All 128 registers are configurable as D- or T-types without using 
extra logic gates. Individual sum terms. asynchronous 
presets. 
resets and clocks give each flip-flop added flexibility. A direct 


Temperature 
Under Bias 
-55°C to +125°C 


Storage Temperature 
-65°C to +150oC 


Voltage on Any Pin with 
1 
Respect to Ground 
-2.0 V to +7.0 V 


Voltage on Input Pins 
with Respect to Ground 
During Programming 
-2.0 V to +14.0 V1 


Programming 
Voltage with 
1 
Respect to Ground 
-2.0 V to +14.0 V 


Integrated UV Erase Dose 
7258 W.seclcm2 


Functional Logic Diagram Description 


There are 52 identical Input/Ouput 
logic cells and 24 identical 


buried logic cells in the ATV5100. Each I/O cell has two flip- 
flops. up to three sum terms. individual clock. reset, and preset 
terms per flip-flop. and one output enable term. Independent of 
output configuration. 
all flip-flops are always usable. and have 


at least four Product Term inputs each. 


Each I/O pin (52 total) signal or its latched version drives the 
logic array. There is one latch clock per quadrant. 


The ATV5100 has four identical quadrants (see Figure 2). The 
Universal Bus routes true and false signals from each of the 52 
110 pins 
to all four quadrants. 
Regional 
buses 
route 
each 


quadrant's 
flip-flop Q and Q locally. The eight input-<>nlypins 


are available in all four regional buses. 


Each logic cell has a number of "regional" and "universal" prod- 
uct terms (see Figure I). The I/O Logic Cells contain three sum 
terms. two flip-flops. and an I/O buffer. 


The Buried Logic Cells each contain one Flip-flop. In addition. 
in each buried logic cell the sum term can drive the regional bus. 
This allows for logic expansion. 


Serial register preload and observability 
simplify testing. All 


registers automatically 
clear at power up. 


"clock from pin" option guarantees 
synchronization 
and fast 


clock to output performance. 


Standard. off-the-shelf 
third party software tools and program- 


mers support the ATV5100. 
This minimizes 
start-up invest- 


ment and improves product support. 


·NOTICE: 
Stresses beyond those listed under" Absolute Maxi- 


mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Note: 
I. Minimum voltage is -0.6 V dc which may undershoot to ·2.0 


V for pulses of less than 20 ns. Maximum output pin voltage 
is Vcc+O.75 V dc which may overshoot to +7.0 V for pulses 
of less than 20 ns. 


Quadrant Functional Logic 
Diagram ATV5100 


INPUTIOUTPUT 


LOGIC 
CELLS 
110 
(13 TOTAL 
PINS 


PER QUADRANT) 


BURIED 


LOGIC 
CELLS 


(6TOTAL 


PER QUADRANT) 


ATV51 00-25 
ATV5100/L·30 
ATV5100/L·35 


Com. 
OOC-70°C 
OOC-70°C 
OOC-70°C 
Operating 
Ind. 
-40°C - 85°C 
-40°C - 85°C 
Temperature 
(Case) 


Mil. 
-55°C - 125°C 
, 
-55°C - 125°C 


Vcc Power Supply 
5 V± 10% 
5 V± 
10% 
SV±10% 


ATV5100 Block Diagram 
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6 BURIED 
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INPUT PINS 
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Figure 2 
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REGISTER 
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Quadrant Lo~ic Diagram 
and Description 


The ATV5100 has: four identical quadrants, 52 identical input! 
output logic cells, and 24 identical buried logic cells. The Uni- 
versal Bus routes true and false signals from each of the 52 I/O 
pins to all four quadrants. Regional buses route each quadrant's 
flip-flop Q and Q locally. The eight input-only pins are available 
in every Regional Bus. 


Each logic cell has a number of "regional" and "universal" prod- 
uct terms. The I/O Logic Cells contain three sum terms, two 
flip-flops, and an I/O buffer. Sum term B has five product terms 
- three universal and two regional. Sum term A has four product 
terms - two universal and two regional. 
Sum term C has four 
product terms - three universal and one regional (see next page). 
Flip-flops QI and Q2 have universal Clock and regional Preset 
and Reset product terms. There is one regional product term for 
the I/O pin Output Enable. 


The Buried Logic Cells each contain one flip-flop. 
The sum 
term has three universal product term and two regional product 
terms for a total of five. The flip-flop has a universal Clock 
product term and regional Asynchronous 
Preset and Reset prod- 
uct terms. In addition, each buried logic cell sum term can be fed 
back into the regional bus instead of the flip-flop. This allows 
for logic expansion. 


Regional product terms have as inputs all quadrant flip-flop out- 
puts (or buried flip flop inputs) and the eight dedicated input 
pins. Universal product terms have the same inputs plus the 52 
I/O pins and their complements. 


Quadrant 
Register 
Latch 
Number 
Clock Pin 
Clock Pin 
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34 
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35 
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68 
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...... 
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8 


BUS 
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Logic Cell Options 


The ATV5IOO Logic Cells contain most of the chip's logic op- 
tions. The standard Logic Cell contains two flip-flops, three sum 
terms and three array inputs. The three sum terms can be com- 
bined to provide sum term options of four, five, nine, or 13 prod- 
uct terms. A combinatorial 
signal or the output of QI can be sent 


to the I/O cell. 


The ATV5IOO retains the ATV2500's 
ability to bury both reg- 


isters in the 1/0 cell and still output a combinatorial 
signal (see 


Figure 
8). 
A new 
feature, 
unique 
to 
the 
ATV5000 
and 


ATV5IOO, is the ability to output QI and feedback the combi- 
natorial term directly (see Figure 7). This high speed logic ex- 
pansion 
term 
increases 
the 
devices 
flexibility 
and 
gate 


utilization. 


Buried Logic Cells 


Each quadrant has six buried logic cells (see Figure 4). Each cell 
contains one sum term with five product terms, a flip-flop, and 
individual preset, clear, and clock terms. A configuration 
bit se- 


lects either the Q output or the D input for feedback into the 
regional bus. 


Buried Logic Cells 
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I/O Pin Logic 
Figure 5 
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Flip-Flop Clock Options 


Each register may be connected to its regional clock to provide 
fast clock to output timing (see Figure 5). In this "synchronous" 
mode, the clock is one of four input pins, a unique clock pin for 
each chip quadrant. One product term defmes each flip-flop's 
clock in the "asynchronous" 
mode. 


In the "synchronous" 
mode, the regional clock is ANDed with 
the product term. This provides the fast timing of a synchronous 
clock with the local control of the product term. 


Each I/O pin of the ATV5IOO has an input latch which can be 
individually enabled or disabled (see Figure 6). Each chip quad- 
rant has a unique latch clock. When the latch is inactive, pin 
input flows directly into the array. When activated, the latch is 
flow-through 
when the clock signal is low, and data is captured 
on the clock's rising edge. 


Flip-Flop Types 


Each flip-flop in the ATV5IOO may be configured as either a T- 
or D-type flip-flop. AT-type 
flip-flop can also easily be config- 
ured into a JK or SR flip-flop. 
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Symbol 
Parameter 
Condition 
Mln 
Typ 
Max 
Units 


III 
Input Load Current 
VIN=-0.1 
VtoVee+1 
V 
10 
l!A 


ILO 
Output Leakage Current 
VOUT= -0.1 V to Vee+0.1 V 
10 
l!A 


Power Supply Current 
Vee = MAX, VIN = GND or 
Com. 
200 
350 
mA 
Ice 
ATV51 00 
Vee Outputs Open 
Ind.,Mil. 
200 
400 
mA 


Power Supply Current 
Vee = MAX, VIN = GND or 
Com. 
20 
40 
mA 


Ice 
ATV5100L 
Vee Outputs Open 
Ind.,MiI. 
20 
50 
mA 


Clocked Power Supply 
f = 1 MHz, Vee = MAX 
Com. 
30 
50 
mA 


lee2 
Current, ATV51 OOLOnly 
Outputs Open 
Ind.,Mil. 
30 
60 
mA 


105(1) 
OUtput Short Circuit 
VOUT= 0.5 V 
-90 
mA 
Current 


VIL 
Input Low Voltage 
-0.6 
0.8 
V 


VIH 
Input High Voltage 
2.0 
Vee+0.75 
V 


VOL 
Output Low Voltage 
VIN = VIH or VIL, 
0.5 
V 
IOL= 8 mA Com,lnd; 6 mA Mil. 


VOH 
OUtput High Voltage 
IOH=-100~ 
Vee-0.3 
V 


IOH= -4.0 mA 
2.4 
V 


A.C. Waveforms 
(I) 
Input Pin Clock 


A.C. Waveforms 
(I) 


Product Term Clock 


REGISTER 
CLOCK 
TERM 


ATV51DO-25 
ATV5100/L-30 
ATV51 OO/L-35 


Symbol 
Parameter 
o. 
Min 
Max 
Min 
Max 
Min 
Max 
Units 


tcos 
Clock to Output 
15 
20 
25 
ns 


tCFS 
Clock to Feedback 
0 
9 
0 
12 
0 
15 
ns 


tSIS 
Input Setup Time(l) 
16 
17 
20 
ns 


tSFS 
Feedback Setup Time(1) 
11 
13 
15 
ns 


tHS 
Hold Time 
0 
0 
0 
ns 


tws 
Clock Width 
10 
12 
15 
ns 


tps 
Clock Period 
20 
25 
30 
ns 


FMAXS 
Maximum 
Frequency (1Itps) 
50 
40 
33 
MHz 


IARS 
Asynchronous 
Reset/Preset 
Recovery Time 
20 
25 
30 
ns 
• 


ATV51DO-25 
ATV5100/L-30 
ATV51 OO/L·35 


Symbol 
Parameter 
Min 
Max 
Min 
Max 
Min 
Max 
Units 


tCOA 
Clock to Output 
25 
30 
35 
ns 


tCFA 
Clock to Feedback 
7 
20 
10 
25 
12 
27 
ns 


tSIA 
Input Setup Time(1) 
10 
12 
15 
ns 


tSFA 
Feedback Setup Time(1) 
5 
8 
13 
ns 


tHA 
Hold Time 
8 
10 
12 
ns 


twA 
Clock Width 
12 
15 
15 
ns 


tPA 
Clock Period 
25 
33 
40 
ns 


FMAXA 
Maximum 
Frequency (1/tPA) 
40 
30 
25 
MHz 


lARA 
Asynchronous 
Reset/Preset 
Recovery Time 
15 
20 
25 
ns 


AlmlL 


A11DIL 


IPD3~ 
tPD2 


VALID 
-----~ 
----- 


ATV51DO-25 
ATV5100/L·30 
ATV5100/L·35 


Symbol 
Parameter 
Min 
Max 
Min 
Max 
Min 
Max 
Units 


tPOl 
Input to Non-Registered 
Output(1) 
25 
30 
35 
ns 


tP02 
Feedback to Non-Registered 
Output(1) 
20 
25 
30 
ns 


tP03 
Input to Non-Registered 
Feedback(1) 
20 
25 
30 
ns 


tP04 
Feedback to Non-Registered 
Feedback(1) 
15 
18 
22 
ns 


tEAl 
Input to Output Enable 
30 
35 
40 
ns 


tERl 
Input to Output Disable 
30 
35 
40 
ns 


tEA2 
Feedback to Output Enable 
25 
30 
35 
ns 


tER2 
Feedback to Output Disable 
25 
30 
35 
ns 


ts 
Input Latch Setup Time 
5 
6 
7 
ns 


tH 
Input Latch Hold Time 
5 
5 
5 
ns 


tw 
Clock Width 
10 
12 
12 
ns 


tp 
Clock Period 
20 
25 
30 
ns 


FMAX 
Maximum 
Frequency (1/tp) 
50 
40 
33 
MHz 


lAw 
Asynchronous 
ResellPreset 
Width 
15 
20 
20 
ns 


lAp 
Asynchronous 
Resell 
30 
35 
40 
ns 
Preset to Registered Output 


IAPF 
Asynchronous 
Resell 
25 
30 
35 
ns 
Preset to Registered 
Feedback 


Input Test Waveforms and 
Measurement Levels 


< 


3.0V 
AC 


DRIVING 
LEVELS 
O.OV 


AC 


MEASUREMENT 
LEVEL 


Output Test Load 


5.0V 


Rl=45011 


(580 MIL.) 
OUTPUT 
PIN 


R2~250 
'I CL=50pF 
(280 MIL.) 
9- 


Preload and Observability 
of Registers 


The ATV5100's 
registers 
include circuity to load and unload 
them serially. This feature simplifies testing. Any state can be 
forced into the registers to control test sequencing, 
and all reg- 
isters may be observed, 
independent 
of being buried. A Vrn 
level on the Data In pin will force the appropriate register high; 
a VIL will force it low, independent of the polarity or other con- 
figuration bit settings. 


The PRELOADIOBSERVE 
state is entered by placing an II V to 14 
V signal on pin 68 on theJLCC. When the clock (pin I) is pulsed 
high, data (pin 2) is clocked serially through all registers in the 
device, as in the following table. All register contents are also 


clocked out of the device on Pin 65 in FIFO fashion. If ob- 
servability only is required, data out should be connected back 
to data in. If preload only is required, OE (pin 66) can be held 
high and data out (pin 65) will remain high impedance. 


Any user contemplating 
the use of register preload/obervability 
is encouraged 
to contact 
Atrnel's 
EPLD applications 
depart- 
ment 


Note: 
All register clock terms or pins must be low prior to en- 
tering the Preload/Observe 
state, and low prior to leaving the 


tDMIN= 100 ns 
tSPMIN= 50 ns 
7 


tHPMIN= 50 ns 
tWPPMIN= 100 ns 
tPRMIN= 1000 ns 
tERI'MAx= 100 ns 
tEAPMAX= lOOns 
tCOPMAX= 100 ns 


Quadrant 
Pin 


Quadrant 
1 
Pin 
4 
5 
6 
... 
15 
17 


DIN --->02 --->01 --->823--->02 --->01 --->02 --->01 
... 
818 
--->02 --->01 --->02 --->01 --->(Ouadrant 2) 


Quadrant 
2 
Pin 
18 
19 
21 
22 
... 
31 


(Ouadrant 1)---> 
02 
--->01 --->02 --->01 --->817--->02 --->01 --->02 --->01 
... 
812 
--->02 --->01 --->(Ouadrant 3) 


Quadrant 
3 
Pin 
38 
39 
40 
... 
49 
51 


(Ouadrant 2)---> 
02 
--->01 --->811--->02 --->01 --->02 --->01 
... 
86 
--->02 --->01 --->02 --->01 --->(Ouadrant 4) 


Quadrant 
4 
Pin 
52 
53 
55 
56 
... 
65 


(Ouadrant 3)---> 
02 
--->01 --->02 --->01 --->85 --->02 --->01 --->02 --->01 
... 
80 
--->02 --->01 --->DOUT 


Power Up Reset 


The registers 
in the ATV5100 
are designed 
to reset during 
power up. Ata point delayed slightly from Vcc crossing 3.8 V, 
all registers will be reset to the low state. The output state will 
depend on the polarity of the output buffer. 


This feature is critical for state machine initialization. 
However, 
due to the asynchronous 
nature of reset and the uncertainty 
of 
how Vcc actually rises in the system, the following conditions 
are required: 


I) The Vcc rise must be monotonic, 


2) After reset occurs, all input and feedback setup times must be 
met before driving the clock term high, and 


3) The signals from which the clock is derived must remain sta- 
ble during [PR. 


~ 


.8V 


POWER 
_ 


- 
tPR==ttS 
REGISTERED 
OUTPU_T_S 
~ 
tSl 


CLOCK-----\-\C tW-y- 


Description 
I Power-Up 
I Reset Time 


Mln 
Typ 
Max Units 


600 
1000 
ns 


AlmlL 


68-Lead 
LCC 


Vcc 
I/O 
Mode 
1 
2 
36 
34 
68 
66 
(3,20,37,54) 
1I0's 
Pin 65 


"EPLD" 
X (1) 
X 
X 
X 
X 
X 
5V 
1/0 
1/0 


Program 
Vpp 
Yll 
Yll 
YIH 
YIH 
X 
6Y 
ADD/DIN 
ADD 


PGM Verify 
YPP 
YIH 
YIH 
Yll 
Yll 
X 
6Y 
ADD/Dour 
ADD 


PGM Inhibit 
YPP 
YIH 
YIH 
YIH 
YIH 
X 
6Y 
HighZ 
HighZ 


PreloadlObserve 
SL 
DIN 
X 
X 
YH (2) 
OE 
5Y 
HighZ 
Dour 


The ATY5100's 
simple, regular architecture 
means that only 


simple logic compilers are required to configure the device. No 
layout or route and place are required. These software tools are 
readily available from companies such as Data I/O Corporation 
(ABELTM), 
Logical 
Devices 
(CUPLTM), 
and 
ISDATA 
(LOGiCTM). 


The first step in designing a device as complex as the ATV5100 
is to partition your design into manageable blocks. These blocks 
are then allocated proportionally 
to each of the four quadrants of 


the ATV5100. Random gates can be described either with bool- 
ean equations (a behavioral description) or with a schematic ed- 
itor. Truth table logic and state machines 
are best described 
behaviorially 
and entered with a text editor. The design is then 
combined 
into one ASCII fUe, which is then submitted 
to the 
logic 
compiler. 
Compilation, 
logic 
reduction, 
simulation, 


JEDEC file creation and documentation 
are then completed by 
all of the popular compilers. 


Assignment of signals to pins or buried nodes as well as select- 
ing the various options of the ATV5100 (such as register clocks 
and input latches) can be done manually in the design data base 
file, or an automatic fitter may be used. 


A logic fitter assigns pins and nodes to make best use of the 
features in the ATV5100, and frees the designer from being re- 
quired to learn all of the features of a complex device such as the 
ATV5100. For further information on fitters for the ATV5100, 
contact Atmel' s EPLD applications 
department. 


After correcting any syntax and logic errors discovered 
by the 
compiler, the JEDEC fUe is ready to download to an EPLD pro- 
grammer. These are available from a number of manufacturers. 
Programmed 
devices are usually frrst tested in the programmer 
with your supplied test vectors. The next step is check out your 
"custom chip" in the target system. When this hardware debug 
step is complete, your system is ready to go-- 
all in a matter of 
hours. 


PlCC 
PGA 
PlCC 
PGA 
PlCC 
PGA 
PlCC 
PGA 
Pin' 
Pin' 
Name 
Pin' 
Pin' 
Name 
Pin' 
Pin' 
Name 
Pin' 
Pin' 
Name 


1 
B6 
IN 
18 
F2 
1/0 
35 
K6 
IN 
52 
F10 
1/0 


2 
A6 
IN 
19 
F1 
1/0 
36 
l6 
IN 
53 
F11 
1/0 


3 
B5 
VCC 
20 
G2 
VCC 
37 
K7 
VCC 
54 
E10 
VCC 


4 
AS 
1/0 
21 
G1 
1/0 
38 
L7 
1/0 
55 
E11 
1/0 


5 
B4 
1/0 
22 
H2 
1/0 
39 
K8 
1/0 
56 
010 
1/0 


6 
A4 
1/0 
23 
H1 
1/0 
40 
L8 
1/0 
57 
011 
1/0 


7 
B3 
1/0 
24 
J2 
1/0 
41 
K9 
1/0 
58 
C10 
1/0 


8 
A3 
1/0 
25 
J1 
1/0 
42 
L9 
1/0 
59 
C11 
1/0 


9 
A2 
1/0 
26 
K1 
1/0 
43 
L10 
1/0 
60 
B11 
1/0 


10 
B2 
1/0 
27 
K2 
1/0 
44 
K10 
1/0 
61 
B10 
1/0 


11 
B1 
1/0 
28 
L2 
1/0 
45 
K11 
1/0 
62 
A10 
1/0 


12 
C2 
1/0 
29 
K3 
1/0 
46 
J10 
I/O 
63 
B9 
1/0 


13 
C1 
1/0 
30 
L3 
1/0 
47 
J11 
1/0 
64 
A9 
1/0 


14 
02 
1/0 
31 
K4 
1/0 
48 
H10 
1/0 
65 
B8 
1/0 


15 
01 
1/0 
32 
L4 
IN 
49 
H11 
1/0 
66 
A8 
IN 


16 
E2 
GNO 
33 
K5 
GNO 
50 
G10 
GNO 
67 
B7 
GNO 


17 
E1 
1/0 
34 
L5 
IN 
51 
G11 
1/0 
68 
A7 
IN • 


Typ 
Max 
Units 
Conditions 


CIN 
I 
6 
8 
pF 
VIN= 0 V 


COUT 
I 
8 
12 
pF 
VOUT = 0 V 


Security Fuse Usage 


A single fuse is provided to prevent unauthorized copying of the 
ATV5100 fuse patterns. Once programmed. 
all outputs appear 


programmed 
during verify. The security fuse should be pro- 


grammed last (after verifying all other programmed 
bits), as its 


effect is immediate. 


The security fuse also inhibits Preload and Observability. 


The entire memory array of an ATV5100 is erased after expo- 
sure to ultraviolet 
light at a wavelength 
of 2537 A. Complete 


erasure 
is assured 
after a minimum 
of 20 minutes 
exposure 
using 12,000 IlW/cm2 intensity 
lamps spaced one inch away 


from the chip. Minimum erase time for lamps at other intensity 


ratings can be calculated from the minimum integrated erasure 
dose of 15 W.sectcm2. 
To prevent 
unintentional 
erasure, 
an 
opaque label is recommended 
to cover the clear window on any 


UV erasable EPLD which will be subjected to continuous fluo- 
rescent indoor lighting or sunlight. 


AlmEL 


AlmEL 


tPD 
tces 
fMAX 
Ordering Code 
Package 
Operation Range 
(ns) 
(ns) 
(MHz) 


25 
15 
50 
ATV5100-25JC 
68J 
Commercial 


ATV5100-25KC 
68KW 
(O°C to 70°C) 


ATV5100-25UC 
68UW 


30 
20 
40 
ATV5100-30JC 
68J 
Commercial 


ATV5100-30KC 
68KW 
(O°C to 70°C) 


ATV5100-30UC 
68UW 


ATV5100-30KI 
68KW 
Industrial 


ATV5100-30UI 
68UW 
(-40°C to 85°C) 


ATV5100-30KM 
68KW 
Military 


ATV5100-30UM 
68UW 
(-55°C to 125°C) 


ATV5100-30KM/883 
68KW 
Military/883C 


ATV5100-30UM/883 
68UW 
Class B, Fully Compliant 


(-55°C to 125°C) 


35 
25 
33 
ATV5100-35JC 
68J 
Commercial 


ATV5100-35KC 
68KW 
WC 
to 70°C) 


ATV5100-35UC 
68UW 


ATV5100-35KI 
68KW 
Industrial 
ATV51 00-35UI 
68UW 
(-40°C to 85°C) 


ATV51 00-35KM 
68KW 
Military 


ATV5100-35UM 
68UW 
(-55°C to 125°C) 


ATV5100-35KM/883 
68KW 
Military/883C 


ATV5100-35UM/883 
68UW 
Class B, Fully Compliant 


(-55°C to 125°C) 


Package Type 


68J 
68 Lead, Plastic J-Leaded Chip Carrier alP 
(PLCC) 


68KW 
68 Lead, Windowed, Ceramic J-Leaded Chip Carrier (JLCC) 


68UW 
68 Pin, Windowed, Ceramic Pin Grid Array (PGA) 


tpo 
tcos 
fMAX 
Ordering Code 
Package 
Operation 
Range 
(ns) 
(ns) 
(MHz) 


30 
20 
40 
ATV5100L-30JC 
68J 
Commercial 


ATV5100L-30KC 
68KW 
(O°C to 70°C) 


ATV5100L-30UC 
68UW 


35 
25 
33 
ATV5100L-35JC 
68J 
Commercial 


ATV5100L-35KC 
68KW 
(O°C to 70°C) 


ATV51 OOL-35UC 
68UW 


ATV5100L-35KI 
68KW 
Industrial 


ATV5100L-35UI 
68UW 
(-40°C to 85°C) 


ATV5100L-35KM 
68KW 
Military 


ATV5100L-35UM 
68UW 
(-55°C to 125°C) 


ATV51 OOL-35KM/883 
68KW 
Military/883C 


ATV5100L-35UM/883 
68UW 
Class B, Fully Compliant 


(-55°C to 125°C) • 


Package Type 


68J 
68 Lead, Plastic J-Leaded Chip Carrier orp (PLCC) 


68KW 
68 Lead, Windowed, Ceramic J-Leaded Chip Carrier (JLCC) 


68UW 
68 Pin, Windowed, Ceramic Pin Grid Array (PGA) 


AlmEL 


The 
ATVS100 
Logic 
Cells 
retain 
the 


ATV2S00's 
basic features 
with two regis- 


ters, three sum terms and Qt, Q2, and pin 
feedback options. In addition, these follow- 
ing features make the ATVS100 even more 
versatile: 


1. Input latches are added to every I/O pin. 
Each latch can be enabled or disabled 
independently. 


2. The ATVS100 can be configured to feed- 


back a combinatorial 
sum term and 


send Q! to the output. Feeding the com- 
binatorial sum term internally makes im- 
plementing logic equations with large 
number of product terms possible with- 
out sacrificing an I/O pin. 


Logic Cell with Buried Sum Term and 
Register to 1/0 Cell 


u 


U 


R : 
KJ-o, 
R 


R : 
KJ-02 


R 


R 


U 


R 
B 


3. Dedicated clock pins and individual 


clock product terms create multiple 
clock options for each flip-flop. 


4. The addition of the Buried Logic Cells 
handles more logic than ever. 


S. Each flip-flop can be configured as D- or 
T-type flip-flop. 


6. Asynchronous 
Preset, Asynchronous 
Reset and programmable 
output polar- 


ity allow registered outputs using fewer 
product terms. 


7. Same architecture as the ATVSOOOwith 


more emphasis on universal routing. 


AlmEL 


High Density 
UV Erasable 
Programmable 
Logic Device 


ATV5100 


Application 
• 
Brief 


A1iiiI[ 


Logic Cell, Two Buried Registers, 
Combinatorial to I/O Cell 
Logic Cell with Combinable 
Sum Terms, Register to I/O Cell 


u : 
~ 
u : 
~ 
u 
U 
R : 
?j----01 
FROM 
R : 
?j----01 
FROM 


R 
I/Q 
R 
I/Q 


R : 
?j----Q2 
CELL 
R : 
Zj----Q2 
CELL 


R 
R 


The following are sections of ABELTMand CUPLTMsource files to 
iUustrate how each of these features is described in the ABELTM 
and CUPLTMhigh level description languages. 


Pin and Node Assignments 
All the buried registers used in the design need to be assigned 
node numbers. The following tables show the complete set of 
node numbers by quadrant. 


ABEVM and Atmel-ABELTM 
LENA, CLOCK 
pin 
1,2; 


ACK pin 4 
istype 
'reg 
d,buffer'i 


aUTA pin 
5;- 
DRAM node 121 
istype 
' reg 
t'; 


EXPAND node-70; 


ACKL 
node 
813; 


CUPLTM 
pin 1.2 = LENA,CLOCK; 
pin 4 ~ ACK; 


Quadrant I 
Quadrant II 


Input 
SumTenn 
Input 
SumTenn 


Pin 
Latch 
A 
B 
C 
Pin 
Latch 
A 
B 
C 


4 
813 
761 
69 
121 
18 
826 
774 
82 
134 


5 
814 
762 
70 
122 
19 
827 
775 
83 
135 


6 
815 
763 
71 
123 
21 
828 
776 
84 
136 


7 
816 
764 
72 
124 
22 
829 
777 
85 
137 


8 
817 
765 
73 
125 
23 
830 
778 
86 
138 


9 
818 
766 
74 
126 
24 
831 
779 
87 
139 


10 
819 
767 
75 
127 
25 
832 
780 
88 
140 


11 
820 
768 
76 
128 
26 
833 
781 
89 
141 


12 
821 
769 
77 
129 
27 
834 
782 
90 
142 


13 
822 
770 
78 
130 
28 
835 
783 
91 
143 


14 
823 
771 
79 
131 
29 
836 
784 
92 
144 


15 
824 
772 
80 
132 
30 
837 
785 
93 
145 


17 
825 
773 
81 
133 
31 
838 
786 
94 
146 


6 BuriedLogicCells 
6 BuriedLogicCells 
B23 -B18 node 173 -178 
B17 -B12 node 179 -184 
LCKl 
pin1; 
Quadrant Latchclock 
LCK2 
pin34; Quadrant LatchClock 
RCKl 
pin2; 
QuadrantSynchronous RegisterClock 
RCK2 
pin32; Quadrant Synchronous RegisterClock 


Quadrant III 
Quadrant IV 


Input 
Sum Term 
Input 
SumTenn 


Pin 
Latch 
A 
B 
C 
Pin 
Latch 
A 
B 
C 


38 
839 
787 
95 
147 
52 
852 
800 
108 
160 


39 
840 
788 
96 
148 
53 
853 
801 
109 
161 


40 
841 
789 
97 
149 
55 
854 
802 
110 
162 


41 
842 
790 
98 
150 
56 
855 
803 
111 
163 


42 
843 
791 
99 
151 
57 
856 
804 
112 
164 


43 
844 
792 
100 
152 
58 
857 
805 
113 
165 


44 
845 
793 
101 
153 
59 
858 
806 
114 
166 


45 
846 
794 
102 
154 
60 
859 
807 
115 
167 


46 
847 
795 
103 
155 
61 
860 
808 
116 
168 


47 
848 
796 
104 
156 
62 
861 
809 
117 
169 


48 
849 
797 
105 
157 
63 
862 
810 
118 
170 


49 
850 
798 
106 
158 
64 
863 
811 
119 
171 


51 
851 
799 
107 
159 
65 
864 
812 
120 
172 


6 BuriedLogicCells 
6 BuriedLogicCells 
Bll-B6node185-190 
B5 -BO node 191 -196 
LCK3 
pin35; 
Quadrant LatchClock 
LCK4 
pin68; Quadrant LatchClock 
RCK3 
pin36; QuadrantSynchronous RegisterClock 
RCK4 
pin66; Quadrant Synchronous RegisterClock 


• 


Quadrant I 
Quadrant II 


SumTenn 
SumTenn 


Pin 
A 
B 
C 
Pin 
A 
B 
C 


4 
157 
209 
105 
18 
158 
210 
106 


5 
156 
208 
104 
19 
159 
211 
107 


6 
155 
207 
103 
21 
160 
212 
108 


7 
154 
206 
102 
22 
161 
213 
109 


8 
153 
205 
101 
23 
162 
214 
110 


9 
152 
204 
100 
24 
163 
215 
111 


10 
151 
203 
99 
25 
164 
216 
112 


11 
150 
202 
98 
26 
165 
217 
113 


12 
149 
201 
97 
27 
166 
218 
114 


13 
148 
200 
96 
28 
167 
219 
115 


14 
147 
199 
95 
29 
168 
220 
116 


15 
146 
198 
94 
30 
169 
221 
117 


17 
145 
197 
, 
93 
31 
170 
222 
118 


6 Buried Logic Cells 
6 Buried Logic Cells 
B23 - B18 node 74 - 69 
B17 - B12 node 75 - 80 
LCK1 
pin 1; 
Quadrant 
Latch Clock 
LCK2 
pin 34; 
Quadrant 
Latch Clock 
RCK1 
pin 2; 
Quadrant 
Synchronous 
Register 
Clock 
RCK2 
pin 32; 
Quadrant 
Synchronous 
Register 
Clock 


Quadrant III 
Quadrant IV 


SumTenn 
SumTenn 


Pin 
A 
B 
C 
Pin 
A 
B 
C 


38 
183 
235 
131 
52 
184 
236 
132 


39 
182 
234 
130 
53 
185 
237 
133 


40 
181 
233 
129 
55 
186 
238 
134 


41 
180 
232 
128 
56 
187 
239 
135 


42 
179 
231 
127 
57 
188 
240 
136 


43 
178 
230 
126 
58 
189 
241 
137 


44 
177 
229 
125 
59 
190 
242 
138 


45 
176 
228 
124 
60 
191 
243 
139 


46 
175 
227 
123 
61 
192 
244 
140 


47 
174 
226 
122 
62 
193 
245 
141 


48 
173 
225 
121 
63 
194 
246 
142 


49 
172 
224 
120 
64 
195 
247 
143 


51 
171 
223 
119 
65 
196 
248 
144 


6 Buried Logic Cells 
6 Buried Logic Cells 
B11 - B6 node 86 - 81 
B5 - BO node 87 - 92 
LCK3 
pin 35; 
Quadrant 
Latch Clock 
LCK4 
pin 68; 
Quadrant 
Latch Clock 
RCK3 
pin 36; 
Quadrant 
Synchronous 
Register 
Clock 
RCK4 
pin 66; 
Quadrant 
Synchronous 
Register 
Clock 


Input Latch 
Each of the 52 I/Os has an input latch that can be enabled and 
disabled individually. When the latch is enabled and latch clock 
is high, the pin value is latched. When the quadrant latch clock 
is low. the latch becomes 
transparent. 
When the latch is dis- 
abled. an ATV5100 
I/O acts like those of the ATV750 
and 
ATV2500 I/Os. The pin input is fed directly to the array (except 
when sum tenn B is being used as a buried feedback). 


011 j 
FROM 
LOGIC 
CELL 
-E>- 
OE 


The .D and the .LE (latch enable) equations are required to en- 
able the input latch in ABELAHDL. The only allowed input to the 
latch is the 10 pin with which it is associated. The only allowed 


.LE input is the quadrant latch clock (pin 1,34,35. or 68). Notice 
that CUPLTM does not have node numbers for the input latches. 
Any pin name used in a feedback with the dot extension IOL 
tells CUPLT" that particular pin should be a latched pin. 


ABELTMandAtmel-ABELTM 
CUPLTM 


ACKL.D 
= ACK; 


ACKL.LE 
= 
LENA; 


OUTA 
:= 
ACKL; 
OUTA.D 
~ 
ACK.IOL; 


Internal Combinatorial 
Feedback 


for an I/O Cell 
To implement 
the combinatorial 
feedback of the B sum tenn, 
first define the node name with the corresponding 
node number. 


This node will take a five product tenn equation. 
Regular syn- 


tax describing a combinatorial 
equation will describe the B sum 
tenn. 


Note: This B sum tenn node number is defined only when this 
feature is needed. When this feature is used, the output is from 
QI through an invener/buffer. 
The I/O pin becomes a output- 
only pin. It cannot be used as an input or as an input/output. 


ABELTMand Atmel-ABELTM 
aUTA 
pin 
5; 


EXPAND 
node 
70; 
OUTA.D 
= 
INA&INB, 
!INC&!IND; 


EXPAND 
= 
INA 
& 
!INC 
, 
IND; 


CUPLTM 


pin 
5 
= 
aUTA; 


pinnade 
208 
= EXPAND; 


OUTA.D 
: 


INA&INBt!INC&!IND; 
EXPAND 
~ 
INA 
& 
!INC 
, IND; 


(OUTA and EXPAND are in the same I/O Logic Cell. 
OUTA is the 


QI output to pin after the invener/buffer 
and EXPAND is the com- 
binatorial 
sum tenn feedback. The feedbacks 
from this Logic 


CelI are QI before the invener/buffer. 
Q2. and the B sum tenn) 


Clocking 
Options 
There are different 
methods 
of clocking 
the registers 
in the 


ATV5100. 
The clock options can best described as either the 


AND function of (Quadrant 
Clock & Clock Product Tenn) or 


purely the function of the Clock Product Tenn (like ATV750 
and ATV25(0). 


Synchronous 
Operation 


The quadrant clock is the only clocking element in this mode of 
operation. The clock product tenn must be defined to be equal 
to I. In ABEL AHDL•. CK defmes the clock product tenn and .CE 


r----l 


~ 


CKnI 
I 
TO 


U 
LOGIC 


CLOCK 
I 
CELL 


PRODUCT I 
SELECT I 


TERM 
L 
J • 


is the corresponding 
quadrant clock. 


In CUPL. .CE has a different 
implication. 
The keyword 
.CE 


means the user wants the AND function 
(Quadrant 
Clock & 


Clock Product Tenn) for the clock. 


ABELTMand Atmel-ABELTM 
CUPLTM 


OUTA.CK 
= 
1; 


OUTA.CE = CLOCK; 
"CLOCK 
is 
pin 
2 
OUTA.CE 
'8'1; 


Gated Synchronous 
Operation 


This clock option still uses the fast quadrant register clock pin, 
but now it has a gating element. The clock product tenn enables 
or disables the clock going to the register. 


ABELTMand Atmel-ABELTM 
CUPLTM 


QUTA.CK 
= 
INX 
& INY 
& 
!INZ; 


OUTA.CE = CLOCK; 
"CLOCK 
is 
pin 
2 
QUTA.CE = 
INX&INH! 
INZ; 


Asynchronous 
Operation 
The quadrant clock has no effect on the register in this mode of 
clock option. The register is clocked by the clock product tenn 
like the ATV750 and ATV2500 registers. 


ABELTMand Atmel-ABELTM 
CUPLTM 


OUTA.CK 
~ 
OUTA.CK 
: 


INA 
& 
! INS 
, 
INC; 
INA 
, 
!INS 
, 
INCi 


AlmlL 


Buried Logic Cells 
There are six Buried Logic Cells in each quadrant. 
Every Bur- 
ied Logic Cell can be configured 
as a buried register or as a 
combinatorial 
feedback to the quadrant array. In the buried reg- 
ister mode, it's used the same way as Qt and Q2. In the combi- 
natorial feedback mode, it's used the same way as the B sum 
term feedback. 


ABELTMand Atmel-ABELTM CUPLTM 


ADDR,XDATA 
node 
173,174: 
pinnacle 
74,73 
= ADDR,XDATA: 


ADDR - A16&A1S&!A14IRST; 
ADDR - A16&A1S&!A14IRST; 
XDATA.T 
= 
!A16 
& RST; 
XDATA.T 
= 
!A16 
& RST; 


XDATA.CK 
INA. 
INC; 
XDATA.CK 
INA & INC; 


XDATA.AR 
- INS; 
XDATA.AR = INS; 


D-Type and T-Type Registers 
All the registers 
in the ATVS100 can be configured 
as D- or 
T-type. The ISTYPE statement after the PIN or NODE definition in 
ABEL AHDL tells ABEL which type of register is needed. 


ABELTMand Atmel-ABELTM 
CUPLTM 


ABC 
node 
123 
istype 
'reg_t'; 
pinnacle 
103 
= ABC; 


XYZ pin 
7 istype 
' re9_d'; 
pin 
7 
= XYZ: 


ASC.T 
INA & INS I INC; 
ASC.T ~ INA & INS I INC; 


XYZ.D = 
!INA I INC; 
XYZ.D ~ !INA I INC; 


In both languages, 
the .T extension is reserved for T flip-flop 
and .D extension for D flip-flop. 


Asynchronous 
Preset and Reset 
One of the advantanges of having a programmable 
output polar- 


ity I/O is that the same combinatorial 
output often takes fewer 
product terms to implement 
using negative 
logic rather than 
positive logic or vice versa. 


The same can be done for a registered 
output provided 
the 
power-up state is not crucial (all flip-flops are reset upon power 
up). With an Asynchronous 
Preset and an Asynchronous 
Reset, 


simply swap the two product terms and invert your equation and 
polarity will let you take advantage of expressing the same logic 
in a different polarity. The following example shows a 4-10-1 
reduction in product term requirement. 


ABELTMand Atmel-ABELTM 
OUTC 
pin 
8 


istype'invert,reg_d'; 
OUTD 
pin 
9 
istype 
'buffer,reg_d'; 


OUTC.D 
= 
INAI 
!INSIINCI !IND; 


OUTC.CK ~ CLK; 


OUTC.AR 
!INA & RST: 


OUTC.AP 
INS & PRESET; 


OUTD.D ~ 
!INA&INB&!INC&IND; 
OUTD.CK 
CLK; 


OUTD.AR 
INS & PRESET; 


CUPLTM 


pin 
8 
= OUTC; 


OUTC.D ~ 
INAI!INSIINCI!IND; 
OUTC. CK 
CLK; 


OUTC.AR 
!INA' 
RST; 


OUTC.AP 
INS & PRESET; 


OUTD.D = 
!INA&INB&!INC&IND; 
OUTD.CK = CLK; 


OUTD.AR 
INS & PRESET; 


QUTD.AP 
!INA' 
RST; 


In the ATVS100, all Asynchronous 
Reset and Preset terms are 
regional. Hence, their inputs must be from the eight dedicated 
input pins or from the other regional bus signals (logic cell Ql 
and Q2 feedback and buried cell feedback). 


module 
V5100; 
title 
'Demo 
ATV5100 
features 
with 
ATMEL-ABEL 
(IBM386 
or 
compatible) 


ATMEL 
Corporation 
EPLD 
Joe 
Yu 
May 
20, 
1992' 


V5K 
device 
'P5100'; 


The 
IDs, 
registers, 
latches, 
inputs, 
and 
combinatorial 
sum 
terms 
feedbacks 
are 
named 
"with 
the 
following 
prefixes 
for 
clarity: 


Prefix 
I 
Quadrant 
Clocks, 
Latch 
Enables. 
10 
10 pins 
lL 
Input 
Latches 
BLC 
Buried 
Logic 
Cells 
STF 
Sum 
Term 
Feedbacks 
Valid 
ABEL 
AHDL 
identifiers 
can 
be 
used 
in 
place 
of 
them. 
declarations 
11 pin 
1; 
n 
Quadrant 
1 
Latch 
Enable/Input 
12 
pin 
2; 
n 
Quadrant 
1 
Synchronous 
Register 
Clock/lnput 
132 
pin 
32; 
n 
Quadrant 
2 
Synchronous 
Register 
Clock/Input 
134 
pin 
34; 
n Quadrant 
2 
Latch 
Enable/Input 
135 
pin 
35; 
n 
Quadrant 
3 
Latch 
Enable/Input 
136 
pin 
36; 
n 
Quadrant 
3 
Synchronous 
Register 
Clock/lnput 
7 


166 
pin 
66; 
n 
Quadrant 
4 
Synchronous 
Register 
Clock/Input 
168 
pin 
68; 
n 
Quadrant 
4 
Latch 
Enable/Input 
**** 
Quadrant 
I **** 


n 
I/O 
LOGIC 
CELL 


104,105,106,107,108,109 
STF4,STF5,STF6,STF7,STF8,STF9 
104Ql,105Ql,106Ql,107Ql,108Ql,109Ql 
104Q2,105Q2,106Q2,107Q2,108Q2,109Q2 
1010,1011,1012,1013,1014,1015,1017 
STFI0,STFll,STF12,STF13,STF14,STF15,STF17 
1010Ql,1011Ql,1012Ql,1013Ql,1014Ql,1015Ql,1017Ql 
1010Q2,1011Q2,1012Q2,1013Q2,1014Q2,1015Q2,1017Q2 


n 
INPUT 
LATCHES 


pin 
4,5,6,7,8,9 
istype 
'buffer,reg_d'; 
node 
69,70,71,72,73,74; 


node 
761,762,763,764,765,766 
; 


node 
121,122,123,124,125,126 
; 
pin 
10,11,12,13,14,15,17 
istype 
'buffer, reg_d'; 
node 
75,76,77,78,79,80,81; 


node 
767,768,769,770,771,772,773 
node 
127,128,129,130,131,132,133 


lL4,IL5,IL6,IL7,IL8,IL9 
lL10,ILll,IL12,IL13,IL14,IL15,IL17 


n 
BURIED 
LOGIC 
CELL 


node 
813,814,815,816,817,818; 
node 
819,820,821,822,823,824,825; 


BLC18,BLC19,BLC20,BLC21,BLC22,BLC23 
declarations 
II 
**** 
Quadrant 
II **** 


n 
I/O 
LOGIC 
CELL 


1018,1019,1021,1022,1023,1024 
STF18,STF19,STF21,STF22,STF23,STF24 
1018Ql,1019Ql,1021Ql,1022Ql,1023Ql,1024Ql 
1018Q2,1019Q2,1021Q2,1022Q2,1023Q2,1024Q2 
1025,1026,1027,1028,1029,1030,1031 
STF25,STF26,STF27,STF28,STF29,STF30,STF31 
1025Ql,1026Ql,1027Ql,1028Ql,1029Ql,1030Ql,1031Ql 
1025Q2,1026Q2,1027Q2,1028Q2,1029Q2,1030Q2,1031Q2 


n 
INPUT 
LATCHES 


pin 
18,19,21,22,23,24 
istype 
'buffer,reg_d'; 
node 
82,83,84,85,86,87; 
node 
774,775,776,777,778,779; 


node 
134,135,136,137,138,139; 


pin 
25,26,27,28,29,30,31 
ISTYPE 
'BUFFER'; 
node 
88,89,90,91,92,93,94; 


node 
780,781,782,783,784,785,786 
node 
140,141,142,143,144,145,146 


lL18,IL19,IL21,IL22,IL23,IL24 
lL25,IL26,IL27,IL28,IL29,IL30,IL31 


n 
BURIED 
LOGIC 
CELL 


node 
826,827,828,829,830,831; 
node 
832,833,834,835,836,837,838; 


BLC12,BLC13,BLC14,BLC15,BLC16,BLC17 


declarations 
'I 
**** 
Quadrant 
III 


AlmEL 


1038,1039,1040,1041,1042,1043 
STF38,STF39,STF40,STF41,STF42,STF43 
I038Q1,I039Q1,I040Q1,I041Q1,I042Q1,I043Q1 
I038Q2,I039Q2,I040Q2,I041Q2,I042Q2,I043Q2 
1044,1045,1046,1047,1048,1049,1051 
STF44,STF45,STF46,STF47,STF48,STF49,STF51 
I044Q1,I045Q1,I046Q1,I047Q1,I048Q1,I049Q1,I051Q1 
I044Q2,I045Q2,I046Q2,I047Q2,I048Q2,I049Q2,I051Q2 
" 
INPUT 
LATCHES 


IL38, IL39, IL40, IL41, IL42, IL43 
IL44,IL45,IL46,IL47,IL48,IL49,IL51 
" BURIED 
LOGIC 
CELL 


BLC6,BLC7,BLC8,BLC9,BLC10,BLC11 
declarations 
,. 
**** 
Quadrant 
IV **** 
" I/O 
LOGIC 
CELL 


1052,1053,1055,1056,1057,1058 
STF52,STF53,STF55,STF56,STF57,STF58 
I052Q1,I053Q1,I055Q1,I056Q1,I057Q1,I058Q1 
I052Q2,I053Q2,I055Q2,I056Q2,I057Q2,I058Q2 
1059,1060,1061,1062,1063,1064,1065 
STF59,STF60,STF61,STF62,STF63,STF64,STF65 
I059Q1,I060Q1,I061Q1,I062Q1,I063Q1,I064Q1,I065Q1 
I059Q2,I060Q2,I061Q2,I062Q2,I063Q2,I064Q2,I065Q2 
" INPUT 
LATCHES 


IL52,IL53,IL55,IL56,IL57,IL58 
IL59,IL60,IL61,IL62,IL63,IL64,IL65 
" BURIED 
LOGIC 
CELL 


pin 
38,39,40,41,42,43; 
node 
95,96,97,98,99,100; 
node 
787,788,789,790,791,792; 
node 
147,148,149,150,151,152 
istype 
pin 
44,45,46,47,48,49,51; 
node 
101,102,103,104,105,106,107; 
node 
793,794,795,796,797,798,799; 
node 
153,154,155,156,157,158,159; 


node 
839,840,841,842,843,844; 
node 
845,846,847,848,849,850,851; 


pin 
52,53,55,56,57,58 
istype 
'buffer'; 
node 
108,109,110,111,112,113; 
node 
800,801,802,803,804,805; 
node 
160,161,162,163,164,165; 
pin 
59,60,61,62,63,64,65 
istype 
'buffer'; 
node 
114,115,116,117,118,119,120; 
node 
806,807,808,809,810,811,812; 
node 
166,167,168,169,170,171,172; 


node 
852,853,854,855,856,857; 
node 
858,859,860,861,862,863,864; 


BLCO,BLC1,BLC2,BLC3,BLC4,BLC5 
node 
196,195,194,193,192,191; 
H,L,C,D,K,U,X,Z 
= 
1,0, 
.C., 
.0., 
.K., 
.U., 
.X., 
.Z.; 


MACRO 
(INPUT 
LATCH) 
INPUT_LATCH 
MACRO 
(IL,IO,QUAD_LE) 
{?IL.D 
?IO; 


?IL.LE 
?QUAD_LE;} 
equations 


INPUT 
LATCH 
Each 
of 
the 
52 
I/Os 
has 
an 
input 
latch. 
When 
the 
quadrant 
latch 
enable 
is 
high, 
the 
pin 
value 
is 
latched. 
When 
the 
quadrant 
latch 
clock 
is 
low, 
the 
latch 
becomes 
transparent. 


I04; 
11; 


"The 
.D and 
the 
.LE 
(latch 
enable) 
extent ions 
are 
required 
to 
describe 
a 


"latch 
in. 
ABEL 
AHDL. 
The 
only 
allowed 
input 
to 
the 
latch 
is 
the 
10 pin 
"it 
associates 
with.The 
only 
allowed 
.LE 
input 
is 
the 
quadrant 
latch 


"enable. 
They 
are 
Pin 
1, 
34, 
35, 
and 
68. 


INPUT_LATCH 
macro 
is 
another 
way 
to 
describe 
the 
latch. 


INPUT_LATCH 
(IL5, 105, 11); 
"Latch 
Pin 
5 
INPUT_LATCH 
(IL6, 106, 11); 
"Latch 
Pin 
6 
104. d 
!104. fb; 
"When. 
oe 
is 
enabled 
by 
108, 
104 
outputs 
a 
I04.oe 
134; 
" When 
.oe 
is disabled 
by 
!I34, 
104 
latches 
I04. ck 
1; 
I04.ce 
12; 
107 = 
IL4; 


test_vectors 
( 
"Test 
the 
latches ... 
[11,12,134, 
I04]-[I04, 
107]) 


{ 0, 
0, 
1, X 
J 
-> 
[ 
0, 


[ 0, 
C, 
1, X 
] 
-> 
[ 
1, 


[ U, 
0, 
0, 0 
J 
-> 
[ 
Z, 


OJ; 
1 ]; 


OJ; 


bit 
counter. 


a data 
bit 
from 
the 
bus. 


"Transparent 
"Transparent 
"Disable 
.oe and 
latch 
0 


o ]; 


OJ; 
o 
); 


1 ); 
o 1; 
1 ]; 
1 ); 
1 ); 
1 ); 


"Transparent 
"Transparent 
"Transparent 
"Disable 
.oe 


"Latched 
"Latched 
"Latched 


1, 
C, 
1, X 
1, 
C, 
1, X 
D, 
C, 
1, X 
0, 
C, 
1, X 
0, 
C, 
1, X 
U, 
0, 
0,1 


1, 
0, 
1, X 
1, 
C, 
1, X 
[ 
I, 
C, 
1, X 
equations 
CLOCKING 
OPTIONS 
There 
are 
different 
methods 
of 
clocking 
the 
registers 
in the 
ATV500l. 
The 
clock 
is 


best 
described 
as 
either 
the 
AND 
function 
of 
(Quadrant 
Clock 
& Clock 
Product 
term) 


or 
the 
product 
term 
by 
it 
self. 
In the 
following 
examples 
the 
register 
can 
be 
a name 
from 
a pin, 
Ql, 
Q2, 
or 
Buried 
Logic 
Cell. 
The 
register 
can 
be 
either 
.t or.d 
flip-flop. 
I022.d 
!I022.fb; 


I022.ck 
1018 
& 
!I019; 


I022.ar 
166; 


"Note 
there 
is 
no 
.ce equation 
defined. This 
is 
an 
asynchronous 


"clocking 
method 
where 
the 
quadrant 
clock 
has 
no 
effect. 


-> 
1022 » 


-> 
0 ); 
-> 
0 
]; 
-> 
1 ]; 


-> 
0 
]; 


test 
vectors 
( 


132, 
166 
J 
-> 
1024 
J) 


0, 
1 
1 
-> 
0 
); 


C, 
0 
) 
-> 
1 
); 


C, 
0 
) 
-> 
0 
); 


C, 
0 
1 
-> 
1 
]; 


D-TYPE 
and 
T-TYPE 
REGISTERS 
All 
the 
registers 
in 
the 
ATV5001 
can 
be 
configured 
as 
D 
or 
T 
type. 
The 
ISTYPE 


statement 
after 
the 
PIN 
or 
NODE 
definition 
tells 
ABEL 
which 
type 
of 
register 
is 
needed. 


ABC 
node 
122 
istype 
'reg_t'; 
XYZ 
pin 
5 istype 
'reg_d'; 
Use 
the 
.t extension 
for 
ABC 
and 
.d extension 
for 
XYZ 
when 
you 
write 
the 
equations. 


equations 
" 3 Bit 
Synchronous 
Counter 
using 
T 
flip-flops 


I038Q2.t 
I039Q2.t 
1040Q2.t 


1; 
1038Q2; 
I038Q2 
& 
I039Q2; 


test 
vectors 
136, 
168 
0, 
1 
C, 
0 
C, 
0 
C, 
0 
C, 
0 
C, 
0 
C, 
0 


C, 
0 
C, 
0 


I038Q2.ck 
1039Q2.ck 
1038Q2.ce 
1039Q2. ce 
1040Q2.ck 


168; 
168; 
136; I040Q2 .ar 


136; 
136; 
1; 


1038Q2.ar 
I039Q2.ar 
1040Q2.ce 


I040Q2,I039Q2,I038Q2]) 


0, 
0, 
0 
]; 
0, 
0, 
1 
] ; 


0, 
1, 
0 
]; 


0, 
1, 
1 
}; 


1, 
0, 
0 
}; 


1, 
0, 
1 
) ; 
1, 
1, 
0 
]; 


1, 
1, 
1 
}; 


0, 
0, 
0 
]; 


equations 
" 3 Bit 
Synchronous 
Counter 
using 
D 
flip-flops 


136; 
136; 
136; 


168; 
168; 
168; 


BLC6. ar 
BLC7.ar 
BLC8.ar 


BLC6.d 
BLC7.d 
BLC8.d 


!BLC6; 
BLC6.ck 
BLC6 
$ BLC7; 
BLC7.ck 
BLC8 
$ 
(BLC6 
& BLC7); 
BLC8.ck 


BLC6. ce 
BLC7.ce 
BLC8.ce 


test 
vectors 
( 
136, 
168 
] 
-> 
[BLC8,BLC7,BLC6]) 
0, 
1 
) 
-> 
0, 
0, 
0 
]; 


C, 
0 
J 
-> 
0, 
0, 
1 
]; 


C, 
0 
] 
-> 
0, 
1, 
0 
]; 


C, 
0 
] 
-> 
0, 
1, 
1 
) ; 


C, 
0 
J 
-> 
1, 
0, 
0 
] ; 
C, 
0 
] 
-> 
1, 
0, 
1 
] ; 


C, 
0 
] 
-> 
1, 
1, 
0 
] ; 
C, 
0 
J 
-> 
1, 
1, 
1 
]; 
C, 
0 
J 
-> 
[ 
0, 
0, 
0 
] ; 


UNIVERSAL 
AND 
REGIONAL 
PRODUCT 
TERMS 
A Regional 
product 
term 
has 
inputs 
from 
all 
the 
feedbacks 
of 
its 
quadrant 
Buried 
Logic 
Cells, 
Q1's, 
Q2's,and 
the 
dedicated 
Inputs. 
In 
addition, 
a 
Universal 
product 
term 
has 
the 
Pin/B 
Sum 
Term 
Feedbacks. 
OUTPUTS 
and 
FEEDBACKS 
Combinatorial: 
Use 
10 pin 
name 
to 
define 
the 
equation. 
The 
sum 
terms 
may 
combine 
to 
allow 
5, 
9, 
or 
13 
product 
terms 
depending 
on 
the 
need 
of 
the 
reduced 
equation. 
If 
the 
reduced 
equation 
requires 
5 or 
less 
product 
terms, 
it 
leaves 
Q1 
and 
Q2 
each 
with 
4 product 


terms 
to 
use. 


1052 
I052.oe 
I052Q1. 
(d or 
t) 


1052Q1.ck 
I052Q1.ce 
1052Q1.ar 
I052Q1.ap 
I052Q2. 
(d or 
t) 
1052Q2.ck 
I052Q2.ce 
I052Q2.ar 
I052Q2.ap 
ALLOWED 
FEEDBACKS: 
1052 
I052Q1,I052Q1.FB 
I052Q2,I052Q2.FB 
Combinatorial: 
If 
the 
reduced 
equation 
requires 
6 to 
9 product 
terms, 
it 
leaves 
Q2 
with 
4 product 
terms 
to 
use. 
Q1 
will 
feedback 
the 
A 
Sum 
Term 
portion 
of 
the 
output 
logic. 


up 
to 
5 PRODUCT 
TERMS 
(3UNIVERSAL) 


1 PRODUCT 
TERM 
(REGIONAL) 


up 
to 
4 PRODUCT 
TERMS 
(2 UNIVERSAL) 


1 PRODUCT 
TERM 
(1 UNIVERSAL) 


QUADRANT 
CLOCK 
1 PRODUCT 
TERM 
(REGIONAL) 


1 PRODUCT 
TERM 
(REGIONAL) 


up 
to 
4 PRODUCT 
TERMS 
(3 UNIVERSAL) 


1 PRODUCT 
TERM 
(1 UNIVERSAL) 


QUADRANT 
CLOCK 
1 PRODUCT 
TERM 
(REGIONAL) 


1 PRODUCT 
TERM 
(REGIONAL) 


SOURCE: 
Pin 
feedback, 
after 
the 
buffer/inverter. 


Q1 
register 
feedback. 
Q2 
register 
feedback. 


I052 
I052.oe 
I052Q2. 
(d or 
t) 


I052Q2.ck 
I052Q2.ce 
I052Q2.ar 
I052Q2.ap 
ALLOWED 
FEEDBACKS: 


1052 
I052Q2, I052Q2.FB 
Combinatorial: 
If 
the 
reduced 
equation 


terms 
for 
Ql 
and 
Q2. 
Ql 
I052 
I052.oe 
ALLOWED 
FEEDBACKS: 


I052 
Registered: 
Use 
10 pin 
name 
to 
define 
the 
equation. 
The 
sum 
terms 
may 
combine 
to 
allow 
4, 
9, 
or 
13 product 
terms 
depending 
on 
the 
need 
of 
the 
reduced 
equation. 
If 
the 
reduced 
equation 
requires 
4 
or 
less 
product 
terms, 
you 
may 
define 
a 
5 product 
term 
equation 
for 
the 
STF 
(Sum 
Term 
Feedback) 
and 
define 
a 
4 product 
term 
equation 
for 
Q2. 
1052. (d or 
t) 
up 
to 
4 PRODUCT 
TERMS 
(2 UNIVERSAL) 


I052.oe 
1 PRODUCT 
TERM 
(REGIONAL) 
I052.ck 
1 PRODUCT 
TERM 
(l UNIVERSAL) 


I052.ce 
QUADRANT 
CLOCK 
I052.ar 
1 PRODUCT 
TERM 
(REGIONAL) 


I052.ap 
1 PRODUCT 
TERM 
(REGIONAL) 


STF52 
up 
to 
5 PRODUCT 
TERMS 
(3 UNIVERSAL) 


I052Q2. 
(d or 
t) 
up 
to 
4 PRODUCT 
TERMS 
(3 UNIVERSAL) 


I052Q2. ck 
1 PRODUCT 
TERM 
(1 UNIVERSAL) 


I052Q2.ce 
QUADRANT 
CLOCK 
I052Q2.ar 
1 PRODUCT 
TERM 
(REGIONAL) 


I052Q2.ap 
1 PRODUCT 
TERM 
(REGIONAL) 


ALLOWED 
FEEDBACKS: 


I052.FB,I052.Q 
I052Q2 
STF52 
Registered: 
If 
the 
reduced 
equation 


term 
equation 
for 
Q2. 


1052. (d or 
t) 


I052.oe 
I052.ck 
I052.ce 
I052.ar 
I052.ap 
I052Q2. 
(d or 
t) 


I052Q2.ck 
I052Q2.ce 
I052Q2.ar 
I052Q2.ap 
ALLOWED 
FEEDBACKS: 
1052 
I052.FB 
I052Q2 
Registered: 
If the 
reduced 
equation 
terms 
for 
Ql 
and 
Q2. 
1052. (d or 
t) 
I052.oe 
I052.ck 


up 
to 
9 PRODUCT 
TERMS 
(5 UNIVERSAL) 


1 PRODUCT 
TERM 
(REGIONAL) 


up 
to 
4 PRODUCT 
TERMS 
(3 UNIVERSAL) 


1 PRODUCT 
TERM 
(1 UNIVERSAL) 
QUADRANT 
CLOCK 
1 PRODUCT 
TERM 
(REGIONAL) 
1 PRODUCT 
TERM 
(REGIONAL) 


SOURCE: 
Pin 
feedback, 
after 
the 
buffer/inverter. 


Q2 
register 
feedback. 


requires 
more 
than 
9 product 
terms, 
it 
leaves 
no 
product 


feeds 
back 
A 
Sum 
Term 
and 
Q2 
feeds 
back 
C 
Sum 
Term. 


up 
to 
13 PRODUCT 
TERMS 
(8 UNIVERSAL) 
1 PRODUCT 
TERM 
(REGIONAL) 


SOURCE: 
Pin 
feedback, 
after 
the 
buffer/inverter. 


SOURCE: 
Register 
feedback 
prior 
to 
buffer/inverter. 
Q2 
register 
feedback. 


Sum 
Term 
Feedback 
for 
logic 
expansion. 


up 
to 
9 PRODUCT 
TERMS 
(5 UNIVERSAL) 
1 PRODUCT 
TERM 
(REGIONAL) 


1 PRODUCT 
TERM 
(1 UNIVERSAL) 


QUADRANT 
CLOCK 
1 PRODUCT 
TERM 
(REGIONAL) 


1 PRODUCT 
TERM 
(REGIONAL) 


up 
to 
4 PRODUCT 
TERMS 
(3 UNIVERSAL) 


1 PRODUCT 
TERM 
(1 UNIVERSAL) 


QUADRANT 
CLOCK 
1 PRODUCT 
TERM 
(REGIONAL) 


1 PRODUCT 
TERM 
(REGIONAL) 


SOURCE: 
Pin 
feedback, 
after 
the 
buffer/inverter. 


Register 
feedback 
prior 
to 
buffer/inverter. 
Q2 
register 
feedback. 


up 
to 
13 
PRODUCT 
TERMS 
(8 UNIVERSAL) 


1 PRODUCT 
TERM 
(REGIONAL) 


1 PRODUCT 
TERM 
(1 UNIVERSAL) 


• 


PRODUCT 
TERM 
(REGIONAL) 


PRODUCT 
TERM 
(REGIONAL) 


SOURCE: 
Pin 
feedback, 
after 
the 
Register 
feedback 
prior 


I052.ar 
I052.ap 
ALLOWED 
FEEDBACKS: 
1052 
I052.FB 
AP, 
AR, 
and 
CK 
Each 
of 
the 
12S 
registers 
has 
its 
own 
.AP 
(Asynchronous 
Preset), 
.AR 
(Asynchronous 
Reset) 
and 
.CK. 
AIL 
CKs 
are 
Universal 
product 
terms. 
The 
ARs 
and 
APs 
are 
Regional 
product 
terms. 
NOTE: 
AP 
and 
AR 
should 
never 
be 
active 
at 
the 
same 
time. 


buffer/inverter. 
to 
buffer/inverter. 


equations 
I010.d 
I010.ck 
I010.ar 
I010.ap 


!I010.fb; 
IOS; 
166; 
135; 


test 
vectors 
( 


lOS, 
166, 
135 
-> 
0, 
1, 0 
-> 
0, 
0,0 
-> 
C, 
0, 0 
-> 
C, 
0,0 
-> 
0, 
0, 1 
-> 
0, 
1, 0 
-> 
BURIED 
LOGIC 
CELLS 
Buried 
Logic 
Cell 
can 
be 
configured 
as 
a 
configured 
as 
combinatorial 
feedback 
to 


1010 
)) 


o 
]; 


o l; 
1 l; 
o ); 
1 1; 
o 
]; 


register 
feedback 
like 
02. 
It can 
also 
be 
accommodate 
for 
logic 
expansion. 


equations 
BLC17.t 
BLC17.ck 
BLC17.ar 
BLC14 
1025 
1026 


1; 
"Registered 
109; 
166; 
II; 
nCombinatiorial 
BLC17; 
BLC14; 


test 
vectors 
( 


[I09, 
166, 
Il 
[ 
0, 
1,0 
[ 
C, 
0,0 
[ 
0, 
0, 


[ 
C, 
0,1 
[ 
C, 
0, 
0 
END; 


BLC17,BLC14,I025,I026)) 


0, 
0, 
0, 
0 
]; 


1, 
0, 
1, 
0 
]; 
1, 
1, 
1, 
1 
]; 


0, 
1, 
0, 
1 
]; 


1, 
0, 
1, 
0]; 


Name 
V5100CU; 
Partno 
NA; 
Date 
5/20192; 
Revision 
01; 
Designer 
Joe 
YUi 
Company 
ATMEL 
Corporation; 


Assembly 
NA; 
Location 
U1; 
Device 
V5100; 


Format 
j; 
1* 
Compiled 
with 
CUPL 
386 
version 
*1 
1* 
The 
lOs, 
registers, 
inputs, 
and 
combinatorial 
sum 
terms 
feedbacks 
are 
named 
with 
1* 
the 
following 
prefixes 
for 
clarity: 


Prefix 
* 
I 
* 
10 
* 
BLC 
* 
STF 
* 
Valid 


pin 
1 
pin 
2 
pin 
32 
pin 
34 
pin 
35 
pin 
36 
pin 
66 
pin 
68 


Quadrant 
Clocks, 
Latch 
Enables. 
10 pins 
Buried 
Logic 
Cells 
Sum 
Term 
Feedbacks 
CUPL 
HDL 
identifiers 
can 
be 
used 
in place 
of 
them. 
*1 


Latch 
Enable/lnput 
Synchronous 
Register 
Synchronous 
Register 
Latch 
Enable/lnput 
Latch 
Enab1e/lnput 
Synchronous 
Register 
Synchronous 
Register 
Latch 
Enable/lnput 
• 


II; 
1* 
Quadrant 
1 
12; 
1* Quadrant 
1 
132; 
1* Quadrant 
2 
134; 
1* 
Quadrant 
2 
135; 
1* 
Quadrant 
3 
136; 
1* 
Quadrant 
3 
166; 
1* 
Quadrant 
4 
168; 
1* 
Quadrant 
4 


/**** 
Quadrant 
I 
****/ 
1* 
1/0 
LOGIC 
CELL 
*1 
1* 
~~~~~~~~~~~~~~ 
*1 


pin 
[4 ..9] 
pinnode 
[209 ..204) 
pinnode 
[157 ..152] 
pinnode 
[105 ..100] 
pin 
[10 ..15, 17] 
pinnode 
[203 ..197] 
pinnode 
[151..145] 
pinnode 
[99 ..93] 
1* 
BURIED 
LOGIC 
CELL 
1* 
================= 
pinnode 
[69 ..74] 


/**** 
Quadrant 
II 
****/ 
1* 
1/0 
LOGIC 
CELL 
*1 
1* ~~~~~~~~~~~~== *1 
pin 
[18,19,21. 
.24) 
pinnode 
[210 ..215] 
pinnode 
[158 ..163J 
pinnode 
[106 ..111] 
pin 
[25 ..31] 
pinnode 
[216 ..222) 
pinnode 
[164 ..170J 
pinnode 
[112 ..118] 
1* 
BURIED 
LOGIC 
CELL 
1* 
=~~~~~~~==~====== 
pinnode 
[80 ..75J 
= 
[BLC12 ..17]; 


/**** 
Ouadrant 
III 
****/ 
1* 
1/0 
LOGIC 
CELL 
*1 
1* ~~============ 
*1 


*1 
Clock/Input 
*I 
Clock/Input*1 
*1 
*1 
Clock/lnput*1 
Clock/lnput*1 
*1 


[104 ..9]; 
[STF4 ..9]; 
[104Q1,105Q1,106Q1,107Q1,108Q1,109Q1]; 
[104Q2,105Q2,106Q2,107Q2,108Q2,109Q2]; 
[1010 ..15, 1017]; 
[STF10 ..15,STF17]; 
[1010Q1,1011Q1,1012Q1,1013Q1,1014Q1,1015Q1,1017Q1]; 
[1010Q2,1011Q2,1012Q2,1013Q2,1014Q2,1015Q2,1017Q2]; 


[1018,1019,1021 
..24]; 
[STF18,STF19,STF21 
..24]; 


[1018Q1, I019Q1, 1021Q1, 1022Q1, 1023Q1, I024Q1J; 
[1018Q2,1019Q2,1021Q2,1022Q2,1023Q2,1024Q2J; 
[1025 ..31]; 
[STF25 ..31]; 
[1025Q1, 1026Q1, 1027Q1, I028Q1, 1029Q1, I030Q1, 1031Q1]; 
[1025Q2,1026Q2,1027Q2, 
1028Q2,1029Q2, 
1030Q2,1031Q2); 


AlmEL 


pin 
[38 ..43] 
pinnode 
[235 ..230J 
pinnode 
[183 ..178] 
pinnode 
[131 ..126] 
pin 
[44 ..49,51] 
pinnode 
[229 ..223] 
pinnode 
[177 ..171] 
pinnode 
[125 ..119] 


1* BURIED 
LOGIC 
CELL 


1* ====~~=========== 
pinnode 
[81. .86] 


/**** 
Quadrant 
IV 
****/ 


1* 
1/0 
LOGIC 
CELL 
*1 


1* ============== 
*1 
pin 
[52,53,55 
..58] 


pinnode 
[236 ..241] 
pinnode 
[184 ..189] 
pinnode 
[132 ..137] 
pin 
[59 ..65] 
pinnode 
[242 ..248] 
pinnode 
[190 ..196J 
pinnode 
[138 ..144J 


1* BURIED 
LOGIC 
CELL 


1* 
================= 
pinnode 
[92 ..87] 


1* 
INPUT 
LATCH 


Each 
of 
the 
52 
I/Os 
has 
an 
input 
latch. 
When 
the 
quadrant 
latch 
enable 
is 
high, 
the 
pin 
value 
is 
latched. 
When 
the 
quadrant 
latch 
clock 
is 
low, 
the 
latch 
becomes 
transparent. 
*/ 
I04.d 
!I04; 


I04.oe 
134; 


I04.ce 
'B'1; 


107 
I04.IOL; 


CLOCKING 
OPTIONS 


There 
are 
different 
methods 
of 
clocking 
the 
registers 
in the 
ATV5100. 
The 
clock 
is 
best 
described 
as 
either 
the 
AND 
function 
of 
(Quadrant 
Clock 
& Clock 
Product 
term) 
or 
the 
product 
term 
by 
it 
self. 
In the 
following 
examples 
the 
register 
can 
be 
a name 


from 
a pin, 
Q1, 
Q2, 
or 
Buried 
Logic 
Cell. 
The 
register 
can 
be 
either 
.t or 
.d 


flip-flop. 
*1 
I022.d 
!I022; 
I022.ck 
1018 
& 


I022.ar 
166; 


I023.d 
1023.ce 
1023. ar 


!I023; 
1018 
& 
166; 


[1038 ..43]; 
[STF38 ..43]; 
[I038Q1,I039Q1,I040Q1,I041Q1,I042Q1,I043Q1]; 
[I038Q2,I039Q2,I040Q2,I041Q2,I042Q2,I043Q2]; 
[1044 ..49, 1051]; 
[STF44 ..49,STF51]; 
[I044Q1,I045Q1,I046Q1,I047Q1,I048Q1,I049Q1,I051Q1]; 
[I044Q2,I045Q2,I046Q2,I047Q2,I048Q2,I049Q2,I051Q2]; 


[1052,1053,1055 
..58J; 
[STF52,STF53,STF55 
..58); 


[I052Q1,I053Q1,I055Q1,I056Q1,I057Q1,I058Q1]; 
[I052Q2,I053Q2,I055Q2,I056Q2,I057Q2,I058Q2]; 
[1059 ..65]; 
[STF59 ..65]; 
[I059Q1,I060Q1,I061Q1,I062Q1,I063Q1,I064Q1,I065Q1]; 
[I059Q2,I060Q2,I061Q2,I062Q2,I063Q2,I064Q2,I065Q2); 


1* 
When 
the 
latched 
input 
is 
needed 
in 
the 
design, 
i.e., 
*1 


I*I04.IOL, 
104 
is 
configured 
as 
having 
a 
latched 
input. 
*1 


!1019; /* 
Note 
there 
is 
no 
.ce equation 
defined. 
This 
is 
an 
1* 
asynchronous 
clocking 
method 
where 
the 
quadrant 


1* 
clock 
has 
no 
effect. 


!I019; 1* 
The 
clock 
product 
term 
is 
used 
to 
gate 
the 
quadrant 
*1 
1* 
clock 
pin.Using 
quadrant 
clock 
pin 
in 
a 
synchronous 
*1 


1* 
mode 
allows 
higher 
clock 
rate. 
Pin 
32 
is 
the 
*1 
1* 
Quadrant 
2 clock 
pin. 
*1 


1024.d 
!I024; 


I024.ce 
'B'l; 
1* 
Note 
that 
the 
.ce 
is 
defined 
to 
1. The 
quadrant 
*1 
I024.ar 
166; 
1* 
clock 
is 
the 
only 
clocking 
element. 
The 
clock 
is 
*1 


1* 
Pin 
32 because 
it's 
the 
proper 
quadrant 
clock 
to 
*1 
/* use 
for 
synchronous 
operation. 
*/ 
1* 
D-TYPE 
and 
T-TYPE 
REGISTERS 
All 
the 
registers 
in 
the 
ATV5100 
can 
be 
configured 
as 
D or 
T 
type. 
Use 
the 
.d 
extension 
for 
D type 
register 
and 
.t extension 
for 
T 
type 
register. 
*1 
1* 
3 Bit 
Synchronous 
Counter 
using 
T 
flip-flops 
*1 
1038Q2.t 
'B'l; 
I038Q2.ce 
'B'l; 
1038Q2.ar 
168; 
I039Q2.t 
= 
I038Q2; 
I039Q2.ce 
= 
'B'l; 
I039Q2.ar 
168; 


I040Q2.t 
= 
I038Q2 
& 
I039Q2; 
1040Q2.ce 
= 
'B'l; 
I040Q2.ar 
168; 


1* 
3 Bit 
Synchronous 
Counter 
using 
D 
flip-flops 
*1 


!BLC6; 
BLC6.ce 
BLC6 
$ 
BLC7; 
BLC7.ce 
BLC8 
$ 
(BLC6 
& BLC7); 
BLC8.ce 
UNIVERSAL 
AND 
REGIONAL 
PRODUCT 
TERMS 
A 
Regional 
product 
term 
has 
inputs 
from 
all 
the 
feedbacks 
of 
its 
quadrant 
Buried 
Logic 
Cells, 
Ql's, 
Q2's, 
and 
the 
dedicated 
Inputs. 
In addition, 
a Universal 
product 
term 
has 
the 
Pin/B 
Sum 
Term 
Feedbacks. 
*/ 
OUTPUTS 
and 
FEEDBACKS 
Combinatorial: 
Use 
10 pin 
name 
to 
define 
the 
equation. 
The 
sum 
terms 
may 
combine 
to 
allow 
5, 
9, 
or 
13 product 
terms 
depending 
on 
the 
need 
of 
the 
reduced 
equation. 
If 
the 
reduced 
equation 
requires 
5 or 
less 
product 
terms,it 
leaves 
Ql 
and 
Q2 
each 
with 
4 product 
terms 
to 
use. 


BLC6.d 
BLC7.d 
BLC8. d 
/* 


BLC6. ar 
BLC7.ar 
BLC8.ar 


168; 
168; 
168 ; 


, S' Ii 
, S' 1; 
, B' Ii 


1052 
I052.oe 
105201. 
(d or 
t) 
I052Ql. 
(ck or 
ce) 


I052Ql.ar 
I052Ql.ap 
I052Q2. 
(d or 
t) 
I052Q2. 
(ck or 
ce) 


I052Q2.ar 
I052Q2.ap 
ALLOWED 
FEEDBACKS: 


1052,1052.10 
105201 
105202 
/* 
Combinatorial: 
If 
the 
reduced 
equation 
requires 
6 to 
9 product 
terms, 
it 
leaves 
Q2 
with 
4 product 
terms 
to 
use. 
Ql 
will 
feedback 
the 
A 
Sum 
Term 
portion 
of 
the 
output 
logic. 


1052 
up 
to 
9 PRODUCT 
TERMS 
(5 UNIVERSAL) 
I052.oe 
1 PRODUCT 
TERM 
(REGIONAL) 


I052Q2. 
(d or 
t) 
up 
to 
4 PRODUCT 
TERMS 
(3 UNIVERSAL) 


I052Q2. 
(ck or 
ce) 
1 PRODUCT 
TERM 
(l UNIVERSAL) 
I052Q2.ar 
1 PRODUCT 
TERM 
(REGIONAL) 


I052Q2.ap 
1 PRODUCT 
TERM 
(REGIONAL) 


ALLOWED 
FEEDBACKS: 
SOURCE: 
1052,1052.10 
Pin 
feedback, 
after 
the 
buffer/inverter. 


105202 
Q2 
register 
feedback. 
*/ 
/* 
Combinatorial: 
If 
the 
reduced 
equation 
requires 
more 
than 
9 product 
terms, 
it 
leaves 
no 
product 
terms 
for 
01 
and 
02. 
01 
feeds 
back 
A. 
Sum 
Term 
and 
02 
feeds 
back 
C 
Sum 
Term. 
1052 
up 
to 
13 
PRODUCT 
TERMS 
(8UNIVERSAL) 


I052.oe 
1 PRODUCT 
TERM 
(REGIONAL) 
ALLOWED 
FEEDBACKS: 
SOURCE: 


1052,1052.10 
Pin 
feedback, 
after 
the 
buffer/inverter. 
*/ 
/* 
Registered: 
Use 
10 pin 
name 
to 
define 
the 
equation. 
The 
sum 
terms 
may 
combine 
to 
allow 
4, 
9, 
or 
13 product 
terms 
depending 
on 
the 
need 
of 
the 
reduced 
equation. 
If 
the 
reduced 
equation 
requires 
4 
or 
less 
product 
terms, 
you 
may 
define 
a 
5 product 
term 
equation 
for 
the 
STF 
(Sum 
Term 
Feedback) 
and 
define 
a 4 product 
term 
equation 
for 
02. 
1052. (d or 
t) 
up 
to 
4 PRODUCT 
TERMS 
(3 UNIVERSAL) 
I052.oe 
1 PRODUCT 
TERM 
(REGIONAL) 
1052. (ck or 
ce) 
1 PRODUCT 
TERM 
(1 UNIVERSAL) 


I052.ar 
1 PRODUCT 
TERM 
(REGIONAL) 
I052.ap 
1 PRODUCT 
TERM 
(REGIONAL) 


up 
to 
5 PRODUCT 
TERMS 
(3 UNIVERSAL) 


1 PRODUCT 
TERM 
(REGIONAL) 
up 
to 
4 PRODUCT 
TERMS 
(2 UNIVERSAL) 
1 PRODUCT 
TERM 
(1 UNIVERSAL) 


1 PRODUCT 
TERM 
(REGIONAL) 


1 PRODUCT 
TERM 
(REGIONAL) 
up 
to 
4 PRODUCT 
TERMS 
(3 UNIVERSAL) 
1 PRODUCT 
TERM 
(1 UNIVERSAL) 
1 PRODUCT 
TERM 
(REGIONAL) 
1 PRODUCT 
TERM 
(REGIONAL) 
SOURCE: 
Pin 
feedback, 
after 
the 
buffer/inverter. 
Ql 
register 
feedback. 
Q2 
register 
feedback. 


STF52 
105202. 
(d or 
t) 
105202. 
(ck or 
ce) 
I05202.ar 
I052Q2.ap 


up 
to 
5 PRODUCT 
TERMS 
(3 UNIVERSAL) 
up 
to 
4 PRODUCT 
TERMS 
(3 UNIVERSAL) 
1 PRODUCT 
TERM 
(1 UNIVERSAL) 
1 PRODUCT 
TERM 
(REGIONAL) 
1 PRODUCT 
TERM 
(REGIONAL) 
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ALLOWED 
FEEDBACKS: 
I052 
I052Q2 
STF52 
1* 
Registered: 
If 
the 
reduced 
equation 
equation 
for 
Q2. 
I052. (d or 
t) 
1052.oe 
I052. (ck or 
ce) 
I052.ar 
1052.ap 
I052Q2. 
(d or 
t) 


I052Q2. 
(ck or 
ce) 
I052Q2.ar 
I052Q2.ap 
ALLOWED 
FEEDBACKS: 
I052.IO 
I052 
I052Q2 
1* 
Registered: 
If 
the 
reduced 
equation 
terms 
for 
Ql 
and 
Q2. 
I052. (d or 
t) 
1052.oe 
1052. (ck or 
ce) 
1052.ar 
I052.ap 
ALLOWED 
FEEDBACKS: 
I052 .IO 
1052 


SOURCE: 
Register 
feedback 
prior 
to 
buffer/inverter. 
Q2 
register 
feedback. 
Sum 
Term 
Feedback 
for 
logic 
expansion. 
*/ 


up 
to 
9 PRODUCT 
TERMS 
(5 UNIVERSAL) 


PRODUCT 
TERM 
(REGIONAL) 
PRODUCT 
TERM 
(1 UNIVERSAL) 
PRODUCT 
TERM 
(REGIONAL) 


1 PRODUCT 
TERM 
(REGIONAL) 


up 
to 
4 PRODUCT 
TERMS 
(3 UNIVERSAL) 


1 PRODUCT 
TERM 
(1 UNIVERSAL) 
1 PRODUCT 
TERM 
(REGIONAL) 
1 PRODUCT 
TERM 
(REGIONAL) 


SOURCE: 
Pin 
feedback, 
after 
the 
buffer/inverter. 


Register 
feedback 
prior 
to 
buffer/inverter. 
Q2 
register 
feedback. 
*I 


up 
to 
13 
PRODUCT 
TERMS 
(8 UNIVERSAL) 
PRODUCT 
TERM 
(REGIONAL) 
PRODUCT 
TERM 
(1 UNIVERSAL) 
PRODUCT 
TERM 
(REGIONAL) 
1 PRODUCT 
TERM 
(REGIONAL) 
SOURCE: 
Pin 
feedback, 
after 
the 
buffer/inverter. 
Register 
feedback 
prior 
to 
buffer/inverter.*/ 
AP, 
AR, 
and 
CK 
Each 
of 
the 
128 
registers 
has 
its 
own 
.AP 
(Asynchronous 
Preset), 
.AR 
(Asynchronous 
Reset) 
and 
.CK or 
.CE. 
All 
CKs 
are 
Universal 
product 
terms. 
The 
ARs 
and 
APs 
are 
Regional 
product 
terms. 
NOTE: 
AP 
and 
AR 
should 
never 
be 
active 
at 
the 
same 
time. 


I010.d 
!I010; 
I010.ck 
I010.ar 
1010. ap 
1* 


108; 
166; 
135; 
BURIED 
LOGIC 
CELLS 
Buried 
Logic 
Cell 
can 
be 
configured 
as 
a register 
feedback 
like 
Q2. 
It 
can 
also 
configured 
as 
combinatorial 
feedback 
to 
accommodate 
for 
logic 
expansion. 
*/ 
BLC17. t 
'B' 1; 
I*Registered 
*1 
BLC17.ck 
I09; 
BLC17.ar 
166; 
BLC14 
Il; 
1025 
BLC17; 
1026 
BLC14; 
END; 


Features 
• 
High Throughput 
- Unlfonn and Predictable 
Perfonnance 


• 
High I/O Pin Counts 
• 
High Speed • Over 80 MHz System Clock Rate Operation 


• 
Flexible Interconnect 
Architecture 
- Universal Routing 


• 
Multiple Flip-Flop Types· 
Synchronous 
or Asynchronous 
Registers 


• 
Complete Third Party Software Support 


No Placement, 
Routing or Layout Software Required 


• 
Proven and Reliable High Speed CMOS EPROM Process 


2000 V ESD Protection 
200 mA Latchup Immunity 
• 
Reprogrammable· 
Tested 100"10for Programmability 


• 
Commercial, 
Industrial and MIlRary Temperature 
Grades 


~H 
~.~ 
VOPins 
logic 
Regi~ 
LID Pins 
CABLE Terms 


Description 
The Atmel H-Series Programmable 
Logic Devices are easy to use, high throughput devices. 
Their simple, regular architecture 
translates into increased utilization and high performance. 


The Atmel H-Series EPLDs have one programmable 
combinatorial 
logic array. This guaran- 
tees easy interconnection 
of and uniform performance 
from all nodes. Sum terms, which are 
easy to use blocks of gates, provide combinatorial 
AND/OR logic blocks. Sum terms can be 
wire-OR'd 
together to integrate larger logic blocks. Sum terms or registers can drive the I/O 


pins. 


All registers are configurable 
as D- or T-types without using extra logic gates. Individual sum 


terms and clocks give each flip-flop added flexibility. A direct "clock-from-pin" 
option guar- 


antees synchronization 
and fast clock to output performance. 


Logic Region' 
0 


Logic Region 9 


Logic Region 8 


Logic Region 7 


Logic Region 6 


Logic Region 5 


Logic Region 4 


Logic Region 3 


Logic Region 2 


Logic Region 1 


Logic Region 8 


Logic Region 7 


Logic Region 6 


Logic Region 5 


Logic Region 4 


Logic Region 3 


Logic Region 2 


Logic Region 1 


Logic Region 7 


Logic Region 6 


Logic Region 5 


Logic Region 4 


Logic Region 3 


Logic Region 2 


Logic Region 
1 


Logic Region 6 


Logic Region 5 


Logic Region 4 


Logic Region 3 


logic 
Region 2 


Logic Region 
1 


Part Number 
ATH3000/L 
ATH4000/L 
ATH4500/L 
ATH5500/L 


Pins 
68 
84 
100 
132 


1/0s 
56 
68 
80 
100 


Flip-Flops 
56 
70 
80 
100 


Logic Regions 
6 
7 
8 
10 
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Throughput 
UV Erasable 
Programmable 
Logic Devices 


H-Series 
EPLDs 
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Description 
(Continued) 
Standard off-the-shelf 
third party software tools and program- 
mers support the H-Series. This minimizes start-up investment 
and improves product support. 


The H-Series addresses 
applications 
that need high-frequency 
operation and a high I/O pin count. It achieves predictably high 
throughput 
rates over a wider range of designs than has been 
possible in the past through the use of innovative architecture 
and logic cell design. A logic cell with many possible configu- 
rations 
gives a finer logic granularity 
and maximizes 
logic 
resource 
usage. 
Complement 
Array 
Buried 
Logic 
Extender 
(CABLE) 
terms increase 
the connectivity 
between 
logic re- 
gions. Additional 
logic increases 
the number 
of input terms 
available to sum terms without degrading performance. 


Logic Array Architecture 
The block diagram shows the basic structure of the H-Series de- 
vices. 
Like 
the 
ATV5000 
device 
currently 
available 
from 
Atmel, the H-Series uses regions within the device. Each region 
consists of a group of logic cells, CABLE terms, and a program- 
mable AND logic array. Figure I shows that regional logic ceUs 
generate inputs that feed that region's AND logic array. Univer- 
sal logic cells generate input that feed into the universal AND 
array, which provides interconnect 
to other regions. 


The AND logic array for each region receives inputs from four 
different sources. These include the inputs from each logic ceU 
within the region, from dedicated universal input pins, from uni- 
versallogic 
cells, and from CABLE terms. 


Each region's 
AND array provides 
complete 
interconnect 
for 
signals within that region. In addition, any product terms within 
a given region also have inputs available as the signals on the 
universal bus. 


Logic Cell Architecture 
In the H-Series, each logic ceU has eight product terms and gen- 
erates one array feedback term. The product terms provide two 
three-inputs sum terms, a clock term, and an output enable term. 
Programmable 
switches combine 
sum terms with each other, 
and with sum terms from adjacent logic 
ceUs. This sum term 
joining is similar to Atmel's 
V-Series devices, and allows up to 
12 product terms with no delay penalty. To further aid logic fit- 


Figure 2a. Registered 
Output, 
Combined 
Terms 


~'«oc. 
A 
OPTION 
~ 
0/1 


ling, sum tenn joining also operates across region boundaries 
for two adjoining cells that lie in different regions. 


The H-Series logic cell contains a single flip-flop which may be 
configured as D- or T-Type. Figures 2, 3 and 4 shows the logic 
cell's possible configurations. 
Modes are distinguished 
by out- 


put type (registered 
or combinatorial), 
feedback 
source (pin, 
register, or combinatorial 
node), and sum tenn configuration 


Register Feedbacks 


Figure 3a. Register 
Output, 
Combined 
Terms 


Figure 3b. Register 
Output, 
Separate 
Terms 


~E: 
~~ 


CLOCK 
011 
OPTION 
va 
AR 


(combined or separate). Atrnel's V-Series devices have featured 
two or three basic modes, whereas the H-Series breaks the logic 
cell down into smaller elements that may be utilized separately. 
This finer granularity 
allows higher gate utilization, 
while the 
reduced amount of interconnect 
guarantees 
high performance 


for all applications. 


8' 


~ 


• 
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The flip-flop clock option has three modes as shown in Figure 
5, and is identical to the clock option used on the ATVSOOO.The 
clock product tenn controls asynchronous 
operation. A regional 


clock pin controls synchronous 
operation. Asynchronous 
clock 
gating is possible by ANDing the regional clock pin with the 
clock product tenn. As with the ATV5000, 
using the regional 


clock input pin results in faster clock-to-output 
delays than the 
product tenns clock input. 


The output enable function has three modes as shown in Figure 
6. The output enable comes from the logic cell OE product tenn, 
a regional OE tenn, or an OR function of these. This last option 
realizes an AND/OR 
output enable control and uses only one 
product tenn per logic cell for this function. 


Figure 5. Clock Option 
1-- 
-;CKn I 


~ 


TO 
LOGIC 


CLOCK 
I 
1 
CELL 
PRODUCT I 
SELECT 
TERM 
L 
I 


Figure 6. OE Option 


GOE I - 
SELECT 1 
I 
I 


CABLE Terms 
Figure 7 shows the CABLE logic extender tenn structure. Each 
tenn receives all of the AND array inputs in one region. The 
NAND output is an output to the ANDs of multiple regions. 
This technique provides an additional interconnect 
mechanism 
between regions, allowing regional signals to be combined and 
fed onto the universal bus. 


Applications 
The H-Series is ideal for applications 
requiring high speed and 
where most logic needs to be accessible to the rest of the system. 
Examples of such applications 
include: 


• 
Decoders 


• 
Serial-to-Parallel 
Data Conversion 


• 
DMA Address Counters 


• 
Integration of Multiple Small PLD Designs 


• 
Signal Synchronization 


Decoders are well-suited 
to the H-Series architecture, 
as they 
generally 
have a modest number of address inputs and a few 
control inputs. A single region can hold most nonnal bank de- 
code logic, and if more address inputs are needed, another re- 
gion could be used with CABLE tenn interconnection. 


Serial-to-parallel 
data conversion 
is a natural for the H-Series. 


Because there is always at least one universal pin in every re- 
gion, shift registers of any width can be built that operate at the 
device's 
maximum clock rate. Since every flip-fop has an out- 
put pin available to it, the converted 
data will be available for 


the system to read immediately. 


DMA address counters also need their outputs available for use 
in the system, so the availability of I/O pins in H-Series devices 
again is very useful. The ability to switch between D-type and 
T-type flip-flops 
is beneficial 
here because using T-mode al- 


lows large counters to be built without expanding the number of 
product tenns requires. Counters can be easily built across re- 
gion boundaries 
using either synchronous 
carry bits, or sum 


tenn sharing across region boundaries. 


Integrating 
multiple 
small PALTM_type devices 
into a single 


H-Series is easily accomplished 
by putting each small device's 


logic in its own region. Since a region has eight or ten outputs, 
a typical PAL TM_typedevice will go into one or two regions (de- 
pending on how many input are signals are needed). 


Signal synchronization 
uses a few flip-flops and some simple 


logic, so a single region can easily handle several such circuits, 
using regional pins as inputs and putting the new, synchronized 
signal on one of the universal pins for use anywhere in the chip. 


Design Support 
Like all of Atmel's PLD products, H-Series PLDs are supported 
by third-party 
design 
and programming 
tools. Initially, 
the 


H-Series devices have support from Data I/O (ABEUM design 
software 
and programmers), 
and Viewlogic 
Systems 
(design 


software). Other vendors are developing support, and an up-to- 
date of tools that support the H-Series 
is available 
from the 


Atmel EPLD applications department. 


Summary 
The H-Series 
is a complex 
PLD 
family 
designed 
for high 


throughput: 
fast propagation 
with high I/O counL It achieves 


fast propagation 
times over a wide range of applications 
by 


using a regionalized 
interconnect 
and an innovative 
logic cell 


that allows high logic utilization. 


PALTM and ABEL 
TMmay be registered 
lrademarl<s 
of othen. 


Features 
• 
High Through-Put Programmable Logic Device 


• 
High Speed' 
83.3 MHz System Clock Rate Operation 


• 
Low Power· 0.5 mA Typical (ATH3000L) 


• 
Flexible Interconnect Architecture· 
Universal Routing 


• 
56 Logic Cells· 56 Flip-Flops· 
56 1/0 Pins 


• 
Multiple Flip-Flop Types· Synchronous or Asynchronous Registers 


• 
Complete Third Party Software Support 
No Placement. Routing or Layout Software Required 


• 
Proven and Reliable High Speed CMOS EPROM Process 
2000 V ESD Protection 
200 mA Latchup Immunity 


• 
Reprogrammable' 
Tested 100% for Programmability 


• 
Commercial. Industrial and Mllnary Temperature Grades 


Block Diagram 


2 Input Terms 
• 


Description 
The Annel ATH3000/L is an easy to use, hi 
through-put"'Nogr;un~ablelogic device. Its 


simple,regular architecturetranslatesinto in 
utilizationi!n9high performance. 


The Annel ATH3000/L has one pro 
able", 
,bi 
logic array. This guarantees 


easy interconnectionof and unifonn 
cef~' 
.Sum tenns, whichare easy- 


to-useblocks of gates, provide c 
-Olt 
gic blocks. Sum tenns can be wire- 


OR'd togetherto integratelarger 
0 ilJt,pandthe levelsof logic,buried sum tenns 


feed back into the logic ~.,:A;'renn 
can drive each of the 56 I/Opins. 
All 56 registers are co 
without usingextra logic gates. Individual 


sum tenns and clocks 
ed flexibility. A direct "clock from pin" option 


guaranteessynchrQIl: 
~ 
to outputperfonnance. 
Standard off- 
ftware tools and programmers support the ATH3000/L. 


This mininti 
and improvesproduct support. 


vcc 
IN GND 
,--1100--, 
I 
I LKIIN ~1IOo~ 


3 
1 
67 
Chip Carrier. 
Pin Configuration 
Jl 


GND 
16 
r 
IJOs 
18 


L 


VCC 
20 
Jl 


Pin Name 
Function 


IN 
Logic Inputs 


Clk 
Register Clocks 1,2 


VO 
Bidirectional 
Buffers 


VCC 
+5 V Supply 


33 
35 
37 


~11Oo~IN 
ICLKlloO I ~11Oo~ 


aND 
IN VCC 
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1 
j 


54 
vcc 


52 ,b. 


J 
50 
GND1 
j 


Temperature 
Under Bias 
-550C to +125°C 


Storage Temperature 
-65°C to +150oC 


Voltage on Any Pin with 
1 
Respect to Ground 
-2.0 V to +7.0 V 


Voltage on Input Pins 
with Respect to Ground 
During Programming 
-2.0 V to +14.0 V1 


Programming 
Voltage with 
1 
Respect to Ground 
-2.0 V to +14.0 V 


Integrated 
UV Erase Dose 
7258 W.seclcm2 
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·NOTICE: 
Stresses beyond those listed under "Absolute Maxi- 


mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Note: 
1. Minimum voltage is .{).6V dc which may undershoot to -2.0 


V for pulses of less than 20 ns. Maximum output pin voltage 
is Vcc+O.75 V de which may overshoot to +7.0 V for pulses 
of less than 20 ns. 


ATH3000-15 
ATH3000/L-20 
ATH3000/L·25 


Com. 
OOC-70°C 
OOC-70°C 
OOC-70°C 
Operating 
Ind. 
-40°C - 85°C 
-40°C - 85°C 
-40°C - 85°C 
Temperature 
(Case) 


Mil. 
-55°C - 125°C 
-55°C - 125°C 


Vee Power Supply 
5 V± 10% 
5 V± 10% 
5 V± 10% 


Symbol 
Parameter 
Condition 
Mln 
Typ 
Max 
Units 


III 
Input Load Current 
VIN = -0.1 V to Vee+1 V 
10 
IJA 


ILO 
Output Leakage Current 
VOUT=- 0.1 V to Vee+0.1 V 
10 
IJA 


Power Supply Current 
Vee = MAX, VIN = GND or Vee 
Com. 
150 
225 
mA 
Ice 
ATH3000 
Outputs Open 
Ind.,Mil. 
150 
270 
mA 


Ice 
Power Supply Current 
Vee = MAX, VIN = GND or Vee 
Com. 
0.5 
5 
mA 


ATH3000L 
Outputs Open 
Ind.,Mil. 
0.5 
10 
mA 


Clocked Power Supply 
f = 1 MHz, Vee = MAX 
Com. 
10 
15 
mA 
lee2 
Current, ATH3000L 
Only 
Outputs Open 
Ind.,Mil. 
10 
20 
mA 


108(1) 
Output Short Circuit Current 
VOUT= 0.5 V 
-10 
-90 
mA 


VIL 
Input Low Voltage 
-0.6 
0.8 
V 


VIH 
Input High Voltage 
2.0 
Vee+0.75 
V 


VOL 
Output Low Voltage 
VIN = VIHNiL,loL = 12 mA Com,lnd; 
0.5 
V 
8mAMii. 


VOH 
Output High Voltage 
IOH= -100 
"A 
Vee-0.3 
V 


IOH= -4.0 mA 
2.4 
V 


Functional Logic Diagram Description 
There are 56 identical InputlOuput 
logic cells in the ATH3000. 
Each 110 cell has one flip-flop, six product terms divided into 
two sum tenos, a clock teno and one output enable teno. 


Each logic cell drives one signal (56 total) inlO the logic array. 
This signal can come from the pin, the flip-flop or the sum teno. 
Each signal is either regional or universal. 


The ATH3000/L has six regions. The Universal Bus routes sig- 
nals 10 all six regions. It contains six Complement 
Array Buried 


Logic Extender (CABLE) tenos, the true and false signals from 
ten universal I/O pins and the true and false signals from the two 
input -onl y pins. Regional buses route regional true and false sig- 
nals. 


Each 110 Logic Cell contains two sum tenos, one flip-flop, a 
feedback buffer and an I/O buffer. Output enable and clock op- 
tions have one product term each per I/O Cell. 


The ATH3000/L 
has six CABLE 
tenos. These tenos provide 


wide-input NAND gate structures or universal routing. 


Register preload simplifies 
testing. All registers automatically 


clear at power up. 


Functional Logic Diagram, 
ATH3000/L Logic Region 


Figure 1 


Logic Region Description 
• 
The ATH3000/L has six regions containing a total of 56 identi- 
cal input/output logic cells (figure 2). The Universal Bus routes 
signals from ten universal I/O logic cells, Pins 1 and 35, and the 
CABLE terms. Regional buses route the remaining regional 110 
logic cell signals. 


CABLE Terms 
CABLE tenos in each ATH3000/L 
logic block provide a wide- 


input NAND function. This function is useful for logic expan- 
sion and for universal routing. CABLE tenos route any signal or 
product of signals inlO the universal bus. Universal bus signals 
are available 
10 every logic cell in the ATH3000/L. 


CABLE tenos provide two functions: 
1) the ability to collect 


common logical expressions 
into one gate, and 2) the ability 10 


route this signal 10 the entire chip. CABLE terms are useful for 
routing regional signals 10 the universal bus for use elsewhere. 


Regions 
1,2,3 
1,2,3 
4,5,6 
4,5,6 
/10 PIns 
2-17 
52-66 
18-32 
36-51 


Register Clock Pin 
68 
68 
34 
34 


Group OE Term 
1 
4 
2 
3 


Group AR Term 
1 
4 
2 
3 


Group AP Term 
1 
4 
2 
3 
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Logic Cell Options 
The ATH3000/L logic celIs contain most of the chip's logic op- 
tions. The block diagram 
in figure 4 shows the eight product 


tenns, one array input buffer and an VO buffer. Figures 6, 7 and 
8 show the product term groupings. Each logic cell also contains 
one flip-flop, two sum terms, and clock and OE options. Com- 
bining the two sum terms provides three to six product terms. 
Combining 
neighboring 
sum terms provides 
up to 12 product 


tenns in a single sum tenn. 


The 00 buffer outputs the combinatorial 
input or registered out- 


put of Ql. The array input buffer transmits Ql, the pin or the 'E' 
node to the array. The flip-flop stores B, E or the pin input. 


The clock and OE options each have one product term. Each of 
four group OE tenns is OR'ed with blocks of 14 00 logic celIs. 
Group AR and AP terms each feed one-quarter of all flip-flops. 


UNI- 
VERSAl 
REGIONAl 
BUS 
BUS 


CLOCl< PIN 


(34 OR 68) 
--I 


1 


1 
UNIVERSAl 
INPUTI 
OUTPUT 
LOGIC 
CEliS 


(1-3 TOTAl) 


__ 
...J 


GOETERMS 
GAR TERMS 
GAP TERMS 


Clock Option 
1-- 
-;CKn I 


~ 


TO 
LOGIC 


CLOCK 
1 
1 
CELL 


PRODUCT I 
SELECT 


TERM 
L 
I 


Figure 5 


Reglat..-" 
Output, Separate Terme 


~ 


A 
0 
~ 
--{)-----L-""!'~ 
AP 
O~N 


~~ 
~ 


AR 
___ 
$.••.J--o 


~~ 


Figure 6c 


~. 
~~ 


Figure 6d 


Flip-Flop Clock Options 
Each register can be connected 
to a clock pin to provide fast 


clock to output timing (see Figure 5). In this "synchronous" 
mode, the clock is one of two input pins, a unique clock pin for 
each chip haIf. One product term dermes each flip-flop's 
clock 


in the "asynchronous" 
mode. 


In the "synchronous" 
mode, the register clock pin is ANDed 


with the product term. This provides 
the fast timing of a syn- 


chronous clock with the local control of the product term. 


Flip-FlOp Types 
Each flip-flop in the ATH3000/L may be configured as either a 
T- or D-type flip-flop. A T-type flip-flop can also easily be con- 
figured into a JK or SR flip-flop. 


Reglat., OUtput,Combined Terma 


~'=' 
~ 


A 
OPTION 
~ 
0/1 


Reg"''' 
OUtput,Separate Terme 


~~~~ 


Output Enable Options 
Each output of the ATH3000!L 
functions 
as a bidirectional 
buffer. The OE option in each I/O logic cell controls the signal 
direction. In the default condition, the output driver is controlled 
by the product term in each I/O cell (OEPT). When selected, the 
output control is the logical OR of the product term and a prod- 
uct term from each quadrant of the chip (GOE). I/O pins 2-17 in 
regions 
1,2, 
and 3 use group OE term 1. I/O pins 52-66 in 
regions 1,2, and 3 use group OE term 4. I/O pins 18-32 in regions 
4,5, and 6 use group OE term 2. I/O pins 36-51 in regions 4, 5, 
and 6 use group OE term 3. 


• 


OE Option 


GOE I - 
SELECT 1 
I 
I 
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A.C. Waveforms 
(I) 
Input Pin Clock 
A.C. Waveforms 
(1) 
Product Term Clock 


REGISTER 
CLOCK 
TERM 


ATH3000-15 
ATH3000/L·20 
ATH3000/L·25 


Symbol 
Parameter 
Min 
Max 
Min 
Max 
Min 
Max 
Un"s 


tcas 
Clock Pin to Registered Output Pin 
4 
12 
4 
15 
4 
20 
ns 


tCFs 
Clock Pin to Registered 
Feedback 
2 
6 
2 
7 
2 
10 
ns 


tslS 
Pin Input setup Time 
12 
15 
18 
ns 


tsFS 
Feedback Setup Time 
6 
8 
10 
ns 


tHS 
Hold Time 
0 
0 
0 
ns 


tws 
Clock Width 
6 
7 
9 
ns 


tps 
Clock Period 
12 
15 
20 
ns 


FMAXS 
Maximum 
Frequency 
1/(tCFS+ tSFS) 
83.3 
66.7 
50 
MHz 


tARS 
Asynchronous 
Reset/Preset 
Recovery Time 
15 
20 
25 
ns 


ATH3000-15 
ATH3000/L·20 
ATH3000/L·35 


Symbol 
Parameter 
Min 
Max 
Min 
Max 
Min 
Max 
Un"s 


tCOA 
Clock Input to Registered Output Pin 
5 
15 
5 
20 
5 
25 
ns 


tCFA 
Clock Input to Registered 
Feedback 
2 
9 
5 
12 
5 
15 
ns 


tslA 
Pin Input setup Time 
10 
12 
15 
ns 


tsFA 
Feedback Setup Time 
5 
6 
10 
ns 


tHA 
Hold Time 
2 
5 
5 
ns 


twA 
Clock Width 
7 
9 
12 
ns 


tPA 
Clock Period 
14 
18 
25 
ns 


FMAXA 
Maximum 
Frequency 
1/(tCFA+ tSFA) 
71 
55 
40 
MHz 


tARA 
Asynchronous 
Reset/Preset 
Recovery Time 
15 
20 
25 
ns 


IP03~ 
IP02 


VAllO 
------ 
----- 


ATH3000-15 
ATH3000/L·20 
ATH3000/L·25 


Symbol 
Parameter 
Min 
Max 
Min 
Max 
Min 
Max 
Units 


tPOI 
Input to Non-Registered 
Output 
15 
20 
25 
ns 


tP02 
Feedback to Non-Registered 
Output 
12 
15 
20 
ns 


tP03 
Input to Non-Registered 
Feedback 
12 
15 
20 
ns 


tP04 
Feedback to Non-Registered 
Feedback 
10 
12 
17 
ns 


tEAl 
Input to Output Enable 
15 
20 
25 
ns 


tERI 
Input to Output Disable 
15 
20 
25 
ns 


tEA2 
Feedback to Output Enable 
12 
15 
20 
ns 


tER2 
Feedback to Output Disable 
12 
15 
20 
ns 


ts 
Input Latch Setup Time 
5 
6 
7 
ns 


tH 
Input Latch Hold Time 
5 
5 
5 
ns 


tw 
Input Latch Clock Width 
6 
7 
9 
ns 


tp 
Input Latch Clock Period 
12 
15 
20 
ns 


FMAl( 
Maximum 
Frequency (1/tp) 
83.3 
66.7 
50 
MHz 


lAw 
Asynchronous 
ReseUPreset Width 
15 
20 
25 
ns 


lAp 
Asynchronous 
ReseUPreset 
20 
25 
30 
ns 
to Registered Output 


IAPF 
Asynchronous 
ReseUPreset 
15 
20 
25 
ns 
to Registered 
Feedback 


• 


Input Test Waveforms and 
Measurement Levels 
< 


3.0V 
AC 
DRIVING 
LEVELS 
O.OV 


AC 
MEASUREMENT 
LEVEL 


Output Test Load 


5.0V 


(4:0 
1~e~llUTPUT 


R2=190 
'I ~~~50PF 
(250 MIL.) 
~ 
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f---- to 
to 
to 
to 
tD- 
VH 


AD 


ERED 
TS 
OUTPUT 
PRELOAD 
ENA. 
FORCEI/O'S 
PRELOAD 
DATA 
VOLTAGE 
PRELOAD 


68 Lead LCC Pin 


Vcc 
Mode 
1 
2 
36 
34 
68 
35 
(3,20,37,54) 
I/Os 


"EPLD" 
X (1) 
X 
X 
X 
X 
X 
5V 
I/O 


Program 
Vpp 
VIL 
VIL 
VIH 
VIH 
X 
6V 
ADD/DIN 


PGMVerify 
Vpp 
VIH 
VIH 
VIL 
VIL 
X 
6V 
ADD/DouT 


PGM Inhibit 
Vpp 
VIH 
VIH 
VIH 
VIH 
X 
6V 
HighZ 


Preload 
...Jl.. 
X 
X 
X 
X 
VH (2) 
5V 
DIN 
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Preload of Registered Outputs 
The ATH3000/L's 
registers are provided with circuitry to allow 
loading of each register asynchronously 
with either a high or a 
low. This feature will simplify 
testing since any state can be 
forced into the registers to control test sequencing. A VIH level 
on the I/O pin will force the register low; a Vn..will force it high, 
independent 
of the polarity setting. The PRELOAD 
state is en- 
tered by placing an 11 V to 14 V signal on pin 35 on SMPs. 
When the clock (pin 1) is pulsed high, the data on the I/O pin is 
placed into the associated register. 


Power Up Reset 
The registers 
in the ATH3000/L 
are designed to reset during 
power up. At a point delayed slightly from Vcc crossing 3.8 V, 
all registers will be reset to the low state. The output state will 
depend on the polarity of the output buffer. 


This feature is critical for state machine initialization. 
However, 
due to the asynchronous 
nature of reset and the uncertainty of 
how Vcc actually rises in the system, the following conditions 
are required: 


1) The Vcc rise must be monotonic, 


2) After reset occurs, all input and feedback setup times must be 
met before driving the clock term high, and 


3) The signals from which the clock is derived must remain sta- 
ble during lPR. 


Level forced 
on 
registered 
output 
pin 
Register 
state 
during 
PRELOAD 
cycle. 
After 
Cycle 


VIH 
High 


VIL 
Low 


~ 


'8V 


POWER 
_ 


. 
IPR=1IS 
REGISTERED 
OUTPU_T_S_________ 
IS-j 


CLOCK----\~\~C 
tW---y- 


Description 
IPower-Up 
IReset Time 


Mln 
Typ 
Max 
Units 


600 
1000 
ns 


PLCC 
PGA 
PLCC 
PGA 
PLCC 
PGA 
PLCC 
PGA 


Pin' 
Pin' 
Name 
Pin' 
Pin' 
Name 
Pin' 
Pin' 
Name 
Pin' 
Pin' 
Name 


1 
86 
IN 
18 
F2 
I/O 
35 
K6 
IN 
52 
F10 
I/O 


2 
A6 
I/O 
19 
F1 
110 
36 
L6 
I/O 
53 
F11 
I/O 


3 
85 
VCC 
20 
G2 
VCC 
37 
K7 
VCC 
54 
E10 
VCC 


4 
A5 
I/O 
21 
G1 
I/O 
38 
L7 
I/O 
55 
E11 
I/O 


5 
84 
I/O 
22 
H2 
I/O 
39 
K8 
I/O 
56 
010 
I/O 


6 
A4 
I/O 
23 
H1 
I/O 
40 
L8 
I/O 
57 
011 
I/O 


7 
83 
I/O 
24 
J2 
I/O 
41 
K9 
I/O 
58 
C10 
I/O 


8 
A3 
I/O 
25 
J1 
I/O 
42 
L9 
110 
59 
C11 
I/O 


9 
A2 
I/O 
26 
K1 
I/O 
43 
L10 
I/O 
60 
811 
I/O 


10 
82 
I/O 
27 
K2 
I/O 
44 
K10 
I/O 
61 
810 
I/O 


11 
81 
I/O 
28 
L2 
I/O 
45 
K11 
I/O 
62 
A10 
I/O 


12 
C2 
I/O 
29 
K3 
I/O 
46 
J10 
I/O 
63 
89 
I/O 


13 
C1 
I/O 
30 
L3 
I/O 
47 
J11 
I/O 
64 
A9 
I/O 


14 
02 
I/O 
31 
K4 
I/O 
48 
H10 
110 
65 
B8 
I/O 


15 
01 
110 
32 
L4 
I/O 
49 
H11 
I/O 
66 
A8 
I/O 


16 
E2 
GNO 
33 
K5 
GNO 
50 
G10 
GNO 
67 
87 
GNO 


17 
E1 
I/O 
34 
L5 
CLK 
51 
G11 
I/O 
68 
A7 
CLK • 


Typ 
Max 
Units 
Conditions 


CIN 
I 
6 
8 
pF 
VIN=0 V 


COUT 
I 
8 
12 
pF 
VOUT= 0 V 


Security Fuse Usage 
A single fuse is provided to prevent unauthorized copying of the 
ATH3000/L 
fuse patterns. 
Once programmed, 
all outputs ap- 


pear programmed 
during verify. The security 
fuse should be 


programmed 
last. 


The security fuse inhibits Preload. 


Erasure Characteristics 
The entire memory array of an ATH3000/L is erased after expo- 
sure to ultraviolet 
light at a wavelength 
of 2537 A. Complete 


erasure 
is assured 
after a minimum 
of 20 minutes 
exposure 


using 12,000 .,.W/cm2 intensity 
lamps spaced one inch away 


from the chip. Minimum erase time for lamps at other intensity 


ratings can be calculated from the minimum integrated erasure 
dose of 15 W.sec/cm2• 
To prevent 
unintentional 
erasure, 
an 
opaque label is recommended 
to cover the clear window on any 


UV erasable EPLD which will be subjected to continuous fluo- 
rescent indoor lighting or sunlight. 
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tpo 
teas 
fMAXS 
Ordering Code 
Package 
Operation 
Range 
(ns) 
(ns) 
(MHz) 


15 
12 
83.3 
ATH3000-15JC 
68J 
Commercial 


ATH3000-15KC 
68KW 
(O°C to 70°C) 


ATH3000-15UC 
68UW 


ATH3000-15JI 
68J 
Industrial 


ATH3000-15KI 
68KW 
(-40°C to 85°C) 


ATH3000-15UI 
68UW 


20 
15 
66.7 
ATH3000-20JC 
68J 
Commercial 


ATH3000-20KC 
68KW 
(O°C to 70°C) 


ATH3000-20UC 
68UW 


ATH3000-20JI 
68J 
Industrial 


ATH3000-20KI 
68KW 
(-40°C to 85°C) 


ATH3000-20UI 
68UW 


ATH3000-20KM 
68KW 
Military 


ATH3000-20UM 
68UW 
(-55°C to 125°C) 


ATH3000-20KM/883 
68KW 
Military1883C 


ATH3000-20UM/883 
68UW 
Class B, Fully Compliant 


(-55°C to 125°C) 


25 
20 
50 
ATH3000-25JC 
68J 
Commercial 


ATH3000-25KC 
68KW 
(O°C to 70°C) 


ATH3000-25UC 
68UW 


ATH3000-25JI 
68J 
Industrial 
ATH3000-25KI 
68KW 
(-40°C to 85°C) 


ATH3000-25UI 
68UW 


ATH3000-25KM 
68KW 
Military 


ATH3000-25UM 
68UW 
(-55°C to 125°C) 


ATH3000-25KM/883 
68KW 
Military1883C 


ATH3000-25UM/883 
68UW 
Class B, Fully Compliant 
(-55°C to 125°C) 


Package Type 


68J 
68 Lead, Plastic J-Leaded Chip Carrier (PLCC) 


68KW 
68 Lead, Windowed, Ceramic J-Leaded Chip Carrier (JLCC) 


68UW 
68 Pin, Windowed, Ceramic Pin Grid Array (PGA) 


tPD 
teas 
fMAXS 
Ordering Code 
Package 
Operation 
Range 
(ns) 
(ns) 
(MHz) 


20 
15 
66.7 
ATH3000L-20JC 
68J 
Commercial 


ATH3000L -20KC 
68KW 
(O°C to 700C) 


ATH3000L -20UC 
68UW 


ATH3000L -20JI 
68J 
Industrial 


ATH3000L -20KI 
68KW 
(-40°C to 85OC) 


ATH3000L·20UI 
68UW 


25 
20 
50 
ATH3000L -25JC 
68J 
Commercial 


ATH3000L -25KC 
68KW 
(O°C to 70°C) 


ATH3000L -25UC 
68UW 


ATH3000L-25J1 
68J 
Industrial 


ATH3000L -25KI 
68KW 
(-40°C to 85°C) 


ATH3000L-25UI 
68UW 


ATH3000L -25KM 
68KW 
Military 


ATH3000L -25UM 
68UW 
(-55°C to 125°C) • 


Package Type 


68J 
68 Lead, Plastic J-Leaded Chip Carrier (PLCC) 


68KW 
68 Lead, Windowed, Ceramic J-Leaded Chip Carrier (JlCC) 


68UW 
68 Pin, Windowed, Ceramic Pin Grid Array (PGA) 
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Atmel's 
philosophy 
is that you should be 
able to use standard tools you already have 
to design with our programmable 
logic de- 
vices. For those users that do not currently 
have such a -tool, or who wish to augment 
tools they already own, we have Atmel- 
specific versions 
of standard 
tools avail- 


able at very reasonable costs. 


With the tools Atmel has available, we can 
serve the needs of beginning 
users as well 


as more experienced 
users. Based on the 
background 
of the user, we can make rec- 
ommendations 
on the most cost effective 
solution 
(see Table 
I). If you have any 
questions regarding which package is best 
suited to a particular 
set of needs, please 
contact the Atmel EPLD Technical 
Sup- 
port Hotline at (408) 436-4333. 


General 
Atmel offers versions 
of standard 
third- 
party PLD design tools that are limited to 
only Atmel EPLD devices at a reduced cost 
compared 
to the normal 
versions. 
These 
systems 
are based 
on software 
licensed 
from Data I/O Corporation 
and Viewlogic 
Systems, Inc. 


Under the terms of our agreements 
with 
Data I/O and Viewlogic 
Systems, 
Atmel 
may sell these systems and their options 
only to users of these limited systems. If a 
customer already has the full function ver- 


sion from Data I/O and/or Viewlogic Sys- 
tems, they can purchase 
upgrades 
or op- 


tions from the original company, not from 
Atmel. 


This 
document 
outlines 
general 
system 


configurations 
required to use the various 


systems, details each package including or- 
dering information, and includes a section 
with suggested 
systems for various types 
of users. 


Required System 
Configurations 
At the present time, all of the EPLD sys- 
tems 
described 
are 
available 
only 
on 
PC386/486 
platforms 
running 
DOS with 
the system requirements 
indicated in Table 


2. Contact 
the Atmel 
EPLD 
Hotline 
at 


(408) 436-4333 for further information on 
system configurations 


Systems 
Atmel offers several levels of systems to 
meet the various needs of our customers. 
The systems are described on the following 
pages, along with a brief description 
of 
their 
function. 
For 
further 
information, 
contact your local Atmel sales representa- 
tive or the Atmel EPLD Hotline at (408) 
436-4333. 
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CMOS EPLD 
Development 
Software 
Support 


• 


A11DIL 


Recommended 
User 
Experience 
System 


No prior PLD experience. 
Wants basic support for 


New PLD User 
devices like ATV750 and ATV2500 and is willing to 
Atmel-ABEL-4 


do manual pin assignment. 


Atrnel-ABEL-4.0 
User 
Knows Atmel parts, wants to use the ATV50001 
Atmel-FIT5000 
Upgrade 
ATV51 00 and wants to use automatic fitting. 


Knows ABEL, CUPL, or PALASM, and is familiar 


PAL-type Device User 
with 22V10 design. Wants to move up in density, 
Atmel-ABEL 
V-Series Kit 


and wants automatic fitting 
to reduce need to learn 
detailed intemals of each device. 


If user wants H-Series automatic fitting as well ... 
V-SeriesIH-Series 
Kit 


Uses complex PLDs from Altera or AMD. Wants 


Complex EPLD User or 
state-of-the-art 
tools for Atmel's V- and H-Series to 
Atmel-ViewPLD 


take advantage of their speed and density. Wants 
(includes one year of 
TTL Designer 
schematic capture, simulation, and multiple design 
maintenance) 


entry modes. 


Uses FPGAs from Xilinx, Actel, or others with 
Viewlogic CAE tools for schematic capture and 
Atmel-ViewPLD 
FPGA User 
simulation. 
Wants to add capability for Atmel's V- and 
Intermediate 
Upgrade 
H-Series to take advantage of their speed and density 
for control and timing applications. 


Atmel.ABEL 
(I) 
'" 
Atmel·VlewPLD 


Platform: 
PC3861486 
PC3861486 


Operating System: 
DOS 3.0 or greater 
DOS 3.0 or greater 


Display Adaptor: 
CGA, EGA, Hercules, 
EGA, Hercules, 


VGAor 
SVGA 
VGA,orSVGA 


System Memory: 
4 Mbytes total 
6 Mbytes total min. 
12 Mbytes total recommended 


Hard Disk: 
Space required: 
5 Mbytes 
26 Mbytes 
Disk Size Recommended: 
40 Mbytes min. 
80 Mbytes min. 


110 Ports required: 
1 parallel 
1 parallel 
1 serial (for mouse) 


Mouse: 
not required 
Mouse systems or compatible 


Note: 
1. Atmel-ABEL can be run on 8086 and 80286 systems but it must be installed in "standard" mode. Aunel-ABEL "standard" mode 
does not support any of Atmel's high density devices such as ATV5000, ATV51000 and the H-Series family. 


Atmel-ABEL-4 
Ordering 
Code: ATABEL-4 


Basic ABEL support for Atrnel V-Series and H-Series devices. 
Does not include any automatic 
device fitters, which are op- 


tional and priced 
separately 
or available 
in packages 
called 
Atrnel-ABEL 
Kits. Current users of Atrnel-ABEL-4.0 
do not 


get an automatic 
upgrade to this version, however a reduced 


cost upgrade 
is available 
when purchased 
together 
with the 
ATV5000 device fitter (see below). 


A 
user 
purchasing 
this 
package 
now 
will 
receive 
basic 


ATH3000 
support and additional 
H-Series device support as 


each device is released. 


Atmel-FIT2500 
Ordering 
Code: ATFIT2500-4 


Automatic ATV750/ATV2500 
device fitter for Atrnel-ABEL- 


4. Requires Atrnel-ABEL version 4.2 or greateer in order to run. 


Atmel-ABEL V5000 Fitter 


Ordering 
Code: ATFIT5000 


Automatic ATV5000/ATV5100 
device fitter for Atrnel-ABEL- 


4. Requires Atrnel-ABEL version 4.2 or greater in order to run. 
Current 
Atrnel-ABEL-4.0 
users may purchase 
this fitter to- 


gether with an upgrade to Atrnel-ABEL-4 
for $100 additional 


(see Atrnel-ABEL 
V5000 Fitter Upgrade). 


Atmel-ABEL V5000 Fitter Upgrade 
Ordering 
Code: ATFIT5000-UP 


Package 
consisting 
of FlT5000 
fitter plus an upgrade 
from 


Atrnel-ABEL 
version 4.0 to Atrnel-ABEL-4. 
The user is re- 


quired to return their original Atrnel-ABEL 
version 4.0 master 
disks to the Atrnel EPLD marketing department 
to be eligible 


for the upgrade. 


Atmel-ABEL H-Serles Fitter 


Ordering 
Code: (Contact 
Factory) 


Automatic 
device fitter for Atrnel-ABEL-4. 
Requires 
Atrnel- 


ABEL version 4.2 or greater in order to run. 


Atmel-ABEL V-Series Kit 


Ordering 
Code: ATABEL-KITV 


A package consisting 
of Atrnel-ABEL-4 
together with fitters 


for the ATV750/ATV2500, 
and ATV5000/ATV5100. 
A com- 


plete development 
package 
for the V-Series with fitters. that 


offers a savings to the user over the components purchased sep- 
arately. 


Atmel-ABEL V-SerlesiH-Serles 
Kit 


Ordering 
Code: ATABEL-KITVH 


A package consisting 
of Atrnel-ABEL-4 
together 
with fitters 


for the ATV750/ATV2500. 
and ATV5000/ATV5100. 
and H- 


Series. A complete package with all fitters. that offers a savings 
to a user over the components 
purchased 
separately. 
If a user 


purchases this package now. they will receive the H-Series fitter 
as soon as it is available. 


Atmel-ABEL to VlewPLD Upgrade 


Ordering 
Code: ATABEL2VIEW 


Upgrade 
package 
to upgrade 
an Atrnel-ABEL-4 
user to an 
Atrnel-ViewPLD 
system. A user must have purchased 
Atrnel- 


ABEL-4 and all three fitters 
(or an Atrnel-ABEL 
Kit) in order 


to purchase this upgrade. 


Atmel-VlewPLD 
• 
Ordering 
Code: ATVIEWPLD-4 


A complete stand-alone ViewPLD system with all ABEL func- 
tions plus Viewlogic schematic capture. simulation (unit delay 
and timing) as well as modeling and partitioning 
functions plus 


utilities. Includes all fitters. Price includes one year of mainte- 
nance/updates. 
Maintenance 
is optional after the fITStyear. 


A 
user 
purchasing 
this 
package 
now 
will 
receive 
basic 


ATH3000 
support and additional 
H-Series device support as 


each device is released and the H-Series fitter as soon as it is 
available. 


Atmel-VlewPLD Maintenance 


Ordering 
Code: ATVIEWPLD-MAINT 


One year of updates and maintenance 
for the ViewPLD 
soft- 


ware. Maintenance for one year is included with the purchase of 
Atrnel- ViewPLD. and it is optional after the frrst year. Mainte- 
nance is not required for the purchase 
of an Atmel- ViewPLD 
Intermediate Upgrade. but is available if the user wishes to pur- 
chase their updates from Atmel. 


Atmel-VlewPLD Intermediate Upgrade 
Ordering 
Code: ATVIEWPLD-INT 


A ViewPLD system sold as an add-on for users with an existing 
vendor-specific 
(SDA) Viewlogic seat. Examples of SDA seats 


are Viewlogic 
front-end systems sold by Xilinx and Actel for 


use with their place-and-route 
tools. Adds Atmel EPLDs to the 


system. Includes all Atrnel-ABEL files and fitters plus access to 
the appropriate 
View logic libraries. May not be sold to a user 


with a full Viewlogic 
seat purchased 
from View logic. Those 


users must purchase ViewPLD directly from View logic. 


A 
user 
purchasing 
this 
package 
now 
will 
receive 
basic 


ATH3000 
support and additional 
H-Series 
device support as 


each device is released and the H-Series fitter as soon as it is 
available. 
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Ordering Code 
oescrlptlon 


ATABEL·4 
High-Level 
Design Tool for Atmel Programmable 
Logic Devices: 


ATV750, ATV2500, ATV5000, ATV51 00, and H-Series 


ATABEL·KITV 
Atmel-ABEL-4 
Kit with V-Series Fitters 


ATABEL·KITVH 
Atmel-ABEL-4 
with V-Series and H-5eries 
Fitters 


ATABEL·2VIEW 
Atmel-ABEL-4 
to Atmel-ViewPLD 
Upgrade Kit 
(requires previous purchase of Almel-ABEL 
4.2 and all filters before purchasing 
upgrade kil) 


ATFIT2~ 
Atmel-ABE-4 
Custom Logic Filter for ATV750 and ATV2500 


ATFIT~4 
Atmel-ABEL -4 Custom Logic Filter for ATV5000 and ATV51 00 


ATFIT~UP 
FIT5000 Package Together with Upgrade from Atmel-ABEL 
4.02 to Latest Version 


C/F 
Atmel-ABEL-4 
Custom Logic Fitter for Atmel H-Series Devices 


ATVIEWPLD-4 
Atmel-ViewPLD-4 
Stand-Alone 
System (Includes One Year Maintenance) 


ATVIEWPLD-INT 
Atmel-ViewPLD-4Intermediale 
Upgrade 


ATVIEWPLD-MAINT 
Atmel-ViewPLD 
Maintenance 
(One Year) 


Features 


• 
Atmel·ABEl·4 
Uses the Industry·Standard 
ABEL Hardware 
Description 
language 
• 
Multiple Input Methods: 
Boolean Equations, Truth Tables 
and State Diagrams 
Optional Schematic 
Entry Available 
• 
Automatic 
logic 
Reduction, 
Simulation, 
Error Checking, 
and Generation 
of Design Documentation 
• 
Optional Device Fitters Peform Automatic 
Pin/Node Assignment 
and logic 
Synthesels 
• 
Automatically 
Takes Advantage 
of Atmel's EPlD 
Architecture, 
Joining Sum Terms When Extra Product Terms are Needed 
• 
Runs on M8-DOSTM Compatible 
Personal Computers 
• 
This Inexpensive 
Package Includes: 
Atmel·ABEl·4 
Software which Supports ATV750, ATV2500, ATVSOOO, 
ATV51 00, and H-Serles 
Complete ABEl 
Manual 
logic 
Diagrams for ATV750, ATV2500, ATV5000, ATV5100, and H·Serles 
Design Examples 
Special Offers and Coupons 


Description 


Atmel Programmable 
Logic Devices (PLDs) offer powerful solutions for logic design. Atmel- 
ABEL-4, developed by Data I/O Corporation, 
is a software package specifically 
designed to 
support development 
with Atmel Programmable 
Logic Devices. 


Atmel-ABEL-4 
offers all of the function and features of Data I/O's standard ABEL-4 software 
package while supporting 
Atmel's 
high-density 
PLDs: the ATV750, ATV2500, 
ATV5000, 
ATV5100 and H-Series devices. Support for other manufacturer's 
PLDs is not provided. 


Atmel-ABEL-4 
automatically 
takes advantage of Atmel's innovative multiple sum term PLD 
architecture. 
When your reduced equations require more product terms than anticipated, 
the 
software automatically 
allocates the next available block of product terms to your equation. 
Continued on next page 
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High-Level 
Design Tool 
for Atmel 
Programmable 
Logic Devices: 


ATV750 


ATV2500 
• 


ATV5000 


ATV5100 


H-series 


Desciption 
(Continued) 


Atmel-ABEL-4 
automatically 
reduces your logic equations 
to 


near minimal form. Depending 
on your requirements, 
you can 


choose among several reduction algorithms. The result is a more 
efficient, cost-effective 
design. 


Behavioral simulation is an integral part of the Atmel-ABEL-4 
design package. Simulation may be performed on either the de- 
sign equations as entered, or after device selection, pin and node 
assignment, 
and option selection. This way you can verify that 


the completed design matches your design input. 


Atmel-ABEL-4 
uses the Open ABEL format which allows the 


use of optional logic fitters. These logic fitters perform auto- 
matic device pin and node assignment and macrocell option se- 
lection to make maximum use of device resources, speeding up 
the design process. 


Once your design is ready, Atmel-ABEL-4 
generates standard 


JEDEC 
fJles which can be downloaded 
to your programmer 


with the terminal emulation software included with the package. 


Requirements for 
ATV750 and ATV2500 Support 


• MS-DOS Compatible Personal Computer 
(version 3.0 or higher) 


• 
51/4" High Density Floppy Disk Drive 
(low density disks available on request) 


• 640KRAM 


Additional Requirements for 
ATV5000, ATV5100 and H-Series 
Support 


• 
MS-DOS Compatible Personal Computer 
(version 3.0 or higher) 


• 486, 386 or 386SX cpu 


• 
2 MB RAM (Extended Memory) 


Ordering Code 
Description 


ATABEL-4 
High-Level 
Design Tool for Atmel Programmable 
Logic Devices: 
ATV750, ATV2500, ATV5000, ATV51 00 and H-Series 


ATABEL-KITV 
Atmel-ABEL-4 
Kit with V-Series Fitters 


ATABEL-KITVH 
Atmel-ABEL-4 
with V-Series and H-Series Fitters 


Features 


• 
Works with Atmel·ABEL·4 PLD Design System 
• 
Allows Device-Independent Design 
• 
Optimizes Resource Utilization 
• 
Assigns Signals to Pins and Nodes 
• 
Utilizes Atmel's Unique Product Tenn Joining/Sharing 
• 
Performs Logic Synthesis 


Description 


A1FIT2500 is a custom logic fitter for Data I/O's ABEL-4 PLD design system which supports 
both the ATV750 and the ATV2500 PLDs. FIT2500 was written by Data I/O with Atmel's 
cooperation 
and approval. This fitter will work with Atmel-ABEL-4, 
the special version of 
ABEL-4 
available 
from Atmel which supports 
only the ATV750, 
ATV2500, 
ATV5000, 
ATV5100 and H-Series complex PLDs. 


The fitter performs pin/node 
signal assignment, 
performs macrocell option selection, takes 
advantage 
of Atmel's 
shared product term architecture 
where possible, and maximizes 
re- 
source utilization. This allows a user to do device-independent 
design and still get maximum 
utilization for Atmel's ATV750 and ATV2500 PLD without needing to know all internal de- 
tails of the device. 


Pin/node assignments 
may be made by the user, assigned by the fitter, or a combination 
of 
both. Optionally, 
all pin/node assignments 
can be ignored and the fitter will attempt to fit the 
design into the target device automatically. 


Requirements 


• ATFIT2500 requires Atmel-ABEL 
version 
4.2 or higher running under MS-DOS, version 
3.00 or higher, with extended memory support (2 Mbyte minimum). 


Ordering Code 


ATFIT2500-4 


Description 


Atmel-ABEL -4 Custom Logic Fitter for ATV750 and ATV2500 


AlmlL 


Atmel-ABEL-4 
Custom 
Logic Fitter: 


ATV750 


ATV2500 • 


· A1IDEL· ------ 


Features 


• 
Wor1<Swith Atmel-ABEL-4 PLD Design System 
• 
Allows DevIce-Independent 
Design 
• 
OptimIzes Resource Utilization 
• 
Assigns Signals to Pins and Nodes 
• 
Utilizes Atmel's Unique Product Term Joining/SharIng 
• 
Performs LogIc SynthesIs 


Description 


ATFIT5000 is a custom logic fitter for Data I/O's ABEL-4 PLD design system which supports 
both the ATV5000 and the ATV5100 PLDs. FIT5000 was written by Data I/O with Atrnel's 
cooperation 
and approval. This fitter will work with Atrnel·ABEL-4, 
the special version of 
ABEL-4 
available 
from Atrnel which supports 
only the ATV750, 
ATV2500, 
ATV5000, 
ATV5100 and H-Series complex PLDs. 


The fitter performs 
pin/node 
signal assignment, 
performs macrocell 
option selection, takes 
advantage 
of Atrnel's 
shared product term architecture 
where possible, and maximizes 
re- 
source utilization. This allows a user to do device-independent 
design and still get maximum 
utilization for Atrnel's ATV5000/ ATV5100 PLDs without needing to know all internal details 
of the devices. 


Pin/node assignments 
may be made by the user, assigned by the fitter, or a combination 
of 
both. Optionally, 
all pin/node assignments 
can be ignored and the fitter will attempt to fit the 
design into the target device automatically. 


• ATFIT5000 requires Atrnel-ABEL 
version 4.2 or higher 
running under MS-DOS, version 
3.00 or higher, with extended memory support (2 Mbyte minimum). 


Ordering Code 
Description 


ATFIT5000·4 
Atmel-ABEL-4 
Custom Logic Fitter for ATV5000, ATV51 00 


ATFIT5000-UP 
FIT5000 Package Together with Upgrade 
from Atmel-ABEL 
4.02 to Latest Version 


Atmel-AB EL- 4 
Custom 
Logic Fitter: 


ATV5000, ATV51 00 
• 


AlmEL 


Reduce your time to market with thefastest, easiest to use, most complete 
set of tools for programmable logic design available: Atmel-ViewPill. 
This 


fully integrated system supports Atmel' s V-Series and H-Series of complex 
Pills. 


Benefits 
• 
Allows design specification with schematic entry or the ABEL hardware 
description language and accepts existing designs with JEDEC flies and 
TTL logic In any arbitrary design hierarchy. 


• 
Allows the retargeting of older designs Into new technologies, and new 
functions can be easily merged and enhanced. 


• 
Utilizes Intelligent device fitters for automatic logic synthesis and device 
resource assignment. 


• 
Saves design iterations by generating accurate full VHDL timing models 
for simulating and debugging PLD designs In the system context. 


• 
Optimizes designs requiring multiple devices with automatic user-guided 
partitioning and device fitting. 


Yfi~: la~:l:~: 
I~d h~ei. 
cading 
VHDL 
entl~~ 
file 
ead ing' UHDLpack.g", 
file 
aading 
VHDL 
package 
flle 
oadlng 
UHDL 
entl~y 
DEM02 
ata. 
of 1 digital 
Module 
1t1> de.o2v 
iMuletion 
stopped 
at 
188. 
i.ulatlon 
stopped 
at 
288. 
l.ulation 
stopped 
at 
388. 
l.ulatlon 
stopped 
at 
588. 
tMulatlon 
.topped 
at 
888. 
l.ulatlon 
stopped 
at 
988. 
lMulatton 
.topped 
at 
218 


onet 
111> 


RST. 
Q3. 
Q2. 
Q1. 
Q8. 
CLK 
pin 
CARRY 
PIN 
ISTYPE 
'COM'; 


Q3. 
Q2. 
Q1. 
Q8 
Istype 
'bu 


COUNT 
= 
[Q3 .. ~8J; 


Ellluationa 
COUNT.» 
= COUNT.FH 
+ 1; 


COUNT.a< 
= CLK; 
COUNT. IlR 
= RST; 
CARRY 
= COUNT.FH 
== AHF; 


Atmel-ViewPLD is a Complete Set of Tools for 
Programmable Logic Design 


Through a partnership 
with Data 110 and Viewlogic Systems, Atrnel has developed Atrnel- 
ViewPLD, bringing together the best program'llable 
device knowledge and fitting capabili- 
ties with the best engineering 
environment 
for schematic 
entry and verification. 
Atrnel- 
ViewPLD 
is a complete 
set of tools for PLD design which will get you from concept to 


finished product faster than you ever thought possible. Atrnel- ViewPLD contains every tool 
you will ever need, from schematic entry and device fitting to automatic partitioning - 
even 


waveform analysis and full timing simulation. 


Atrnel- ViewPLD is available either as an add-on product to users with other vendor-specific 
Viewlogic 
front-end 
systems (intermediate 
upgrade), 
or as a stand-alone 
product offering 


unmatched capabilities and value in PLD design. 


AlmEL 


Integrated 
Programmable 
Logic Design 
System 


• 


ATmEL 


ViewPLD Works From Multiple Input Formats/Sources 


All of Atmel-ViewPLD's 
capabilities 
operate 
from a design 
macro functions, and existing PLD designs in JEDEC fonnat 
database which is created from several sources which can be 
can be used as well. Once the design database is created, Atmel- 


freely intennixed. 
The ABEL language can be used to easily 
ViewPLD can automatically 
produce a schematic of the design 


specify Boolean 
operations, 
truth tables, and state machines. 
for use in system schematics 
for functional 
simulation 
before 


Schematics 
can be created using basic logic functions or TIL 
any implementation 
is started. 


--~ 
EDIT 
CONVERT 
COMPILE 
J 
--. 
SCHEMATIC 
NETLISTTO 
ABEL HDL 
•.. 
~ 
~ 
~ 
/ 
(VI EWDRAW) 
ABELHDL 
TOJEDEC 
PRO 


~ 


SIMULATE 
MODEL 


(VIEWSIM& 
VHDLFROM 


FUNCTIONAL 
VI EWWAVE) 
TIMING 
JEDEC 


Comprehensive 
Device Support 


Atmel- ViewPLD offers complete support for Atmel's two fam- 
ilies of high density PLDs, the V-Series and the H-Series. The 
V-Series, designed 
for high density 
timing and control 
app- 


lications, includes the ATV750/L, 
ATV2500H/L, 
ATV5000/L 


and ATV5100/L. 
The H-Series, designed for high speed inter- 


face 
and 
decoding 
applications, 
includes 
the 
ATH3000/L, 


ATH4000/L, 
ATH4500/L, 
and ATH5500/L. 
Atmel-ViewPLD 


automatically 
produces 
optimized 
JEDEC files for each PLD 


created with are ready to be downloaded 
to device program- 


mers. 


Design Flow 


Figure I shows the basic design 
flow for Atmel-ViewPLD. 
ABEL source files can be processed 
directly using the basic 


technology 
supplied 
by Data I/O, or Viewlogic's 
ViewDraw 


tool may be used to enter hierarchical 
designs. These designs 


JEDEC 
FILE 


(ANYPLD) 


Although JEDEC file generation and timing modeling is limited 
to the Atmel devices, JEDEC file design input into the design 
database is accepted for any PLD device supported by ABEL, 
including all PAL and GAL devices. 


Atmel- ViewPLD 
includes device fitters for all supported 
de- 
vices. These fitters, developed by Data I/O with Atmel's support 
and cooperation, 
perform logic synthesis and device resource 


assignment automatically, 
allowing efficient designs to be cre- 


ated with minimum effort. 


may have blocks that originate as ABEL files, JEDEC files, or 
schematic input using either logic primitives or any of the com- 
prehensive 
set of TIL 
macro functions 
included with Atmel- 


ViewPLD. 


EDEC 
FILE 


GRAMMER 


Atmel-ViewPLD 
Offers Interactive Partitioning 


The design database can be automatically 
partitioned 
into mul- 
drawn. This can then be used to add additional constraints and 
tiple PLDs. Using ViewDraw, 
Viewlogic's 
schematic capture 
iterate the partitioning 
process. Once partitioning 
is completed, 
tool, constraints 
are specified 
graphically, 
such as device pin 
each partition is then "fined" into the best device as controlled 
sizes, signal grouping, and register and pin spares. 
by the designer. 


After partitioning, 
schematic symbols are automatically 
created 


for the devices and the partitioned 
schematic 
is automatically 


VHDL Models Automatically 
Generated 


Once 
the design 
has been 
fined 
into 
the PLD(s), 
Atrnel- 


ViewPLD generates simulation models for each PLD in VHDL 
for design verification. These models can be used with the auto- 
matically 
generated 
schematic 
interconnecting 
the PLD(s) to 


perform 
full 
timing 
simulation 
at the 
system 
level 
using 


ViewSim and ViewWave, 
Viewlogic's 
full function simulator 


and graphic waveform 
analyzer. ViewSim and ViewWave are 


included as a part of Atrnel- ViewPLD. 


Functional VHDL models can also be produced 
for use in mi- 


grating 
a design 
to ASIC 
technology 
using 
the 
optional 


ViewSynthesis 
and ViewRetargeter 
tools. 


OrderIng Code 
Description 


ATVIEWPLD-4 
Atmel-ViewPLD-4 
Stand-Alone 
System (Includes One Year Maintenance) 


ATVIEWPLD·INT 
Atmel-ViewPLD-4Intermediate 
Upgrade 


ATVIEWPLD·MAINT 
Atmel-ViewPLD 
Maintenance 
(One Year) 


ATABEL·2VIEW 
Atmel-ABEL-4 
to Atmel-ViewPLD 
Upgrade Kit 


(requires previous purchase of Atmel-ABEL-4 
and all fitters before purchasing 
upgrade kit) 


AlmEL 
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SOftware 
Versions 


SOftware 
AT22V10 
ATV750 
ATV2500 
ATVSOOO 
ATV5100 


Data 110ABELTOO 
1.3,2.0,3.0 
3.0 
3.2 
4.02 
4.3 


Logical 
Devices CUPLTOO 
2.0 
2.15b 
3.2A 
4.3 


ISDATA LOGIiC 
2.3 
3.0 
3.4(1) 


Atmel-ABELTOO 
1.01 
1.01 
4.02 
4.3 


ViewPLD 
4.2 
4.2 
4.2 
Atmel-ViewPLD 


ViewLogic 
WorkView 4.1.2 
1.2 
1.2 
1.2 
1.2 
ViewPLD 


Mine PLDesigner 
1.5 
3.0(1.2) 
3.0(1,2) 


Notes: 
1. Qualification in progress during printing of data book. Please call Atmel EPlD 
Hotline at (408) 436-4333 for updated information. 


2. Supported in Minc PLDesigner - XL product only. 


ACCEL Technologies, 
Inc. 
6825 Flanders Drive 
San Diego, CA 92121 
(800) 433-7801 


LogIcal 
Devices 
(CUPL TM) 
692 S. Military Trail 
Deerfield Beach, Florida 
33442 
(305) 428-6868 


Data I/O Corporation 
(ABEL TM) 
10525 Willows Rd. N.E. 
P.O. Box 97046 
Redmond, WA 98073-9746 
(206) 881-6444 
(800) 247-5700 


Mine, Inc. 
6755 Earl Drive 
Colorado Springs, CO 80918 
(719) 590-1155 


ISDATA Gmbh 
(LOGIIC) 
Haid-und-Neu- 
Str. 7 
0-7500 
Karlsruhe 
1 
West Germany 
0721/69309 
US:(510) 531-8553 


Vlewloglc 
Systems, 
Inc. 
293 Boston Road West 
Marlboro, MA 01752 
(508) 480-0881 


AlmlL 


CMOS EPLD 
Programming 
Hardware 
and Software 
Support • 


AlmEL 


Programmer 
Versions 


AT22LV10 
Company 
Model 
AT22V10 
AT22LV10L 
AT22V10B 
ATV750 
ATV2500 
ATV5000 
ATV51 00 
ATH3000 


Advin Systems 
Sailor-PAL 
9.72 
9.71 


Pilot·U40 
10.05 
10.05 
10.05 


Piolt-U84 
10.05 
10.05 
10.05 
10.32(1) 


BP 
PLDll00 
1.11 
1.85 
Microsystems 
PLDll00 
.. 


(at 15 ns) 
1.54 


CEIBO 
MP-51(1) 
1.07 
1.07 
1.07 
1.07 
1.07 


Data I/O 
Unisite 48 
1.7 
4.0 
4.1 
2.2 
2.45 
3.4 
3.9 
3.9 


29B 
04 
04 


DIP Module 
13 
05 
303AOllA 


PLCCModule 
06 
06 


60A 
11 


3900 
1.4 
1.5 
1.6 
1.3 
1.4 
1.4 
1.4 
1.4 


2900 
1.0 
2.0 
2.2 
1.0 
1.4 


Inlab/ProLogic 
28A(2) 
10.03g 
10.03g 


Logical 
AIIPro40 
1.49C 
1.48C 
1.49C 
Devices 
AIIPro88 
2.00D 
2.00D 
2.00D 
. 


Micropross 
ROM3000U 
3.48 
3.48 


Owen 
AP-II 
1.73A 


PistoHI 
PET100 
PP61 
PP61 
PP62 


SMS 
Sprint Plus 
3.2H 
3.2H 


Sprint Expert 
3.2K 
3.2J3 
3.2J3 
" 


Stag 
ZL30A 
30A26 
30A30 


System 
SGUP-85 
2.1 
3.1 
General 
TURPRO-l 
1.22 
1.22 
1.22 
1.60(1) 


Programming Hardware Companies 


Advln Systems, Inc. 
Elan Dlg"al Systems Ltd. 


105O-L East Duane Ave. 
Elan House 
Sunnyvale. CA 94~ 
Little Park Fann Road 


(408) 243-7000 
Segensworth West 
Fareharn,Hanls 
U.K. POI5-5SJ 
(0489) 579799 


Owen 
Ringslr.ll 
Postfach 1104 
0-6798 
Kusel 
Germany 
(011) 49-6381-5085 
BP Mlcrosystems 
10681 HaddinglOn #190 
Houston, TX 77043 
(713) 461-9430 
Inlab I ProLoglc 
2150 IW 6th Ave 
Broomfield, CO 80020 
(800) 237-6759 


SMSSPRINT 
International 
POBox 
3159 
Redmond, WA 98052-3159 
US: (206) 883-8447 
CEIBO 
Merkazim Building 
1 MaskitSt. 
P.O. Box 2106 
Herzelia 
46120 
Israel 
(972) 52-555387 
US: (617) 863-9927 


LogIcal Devices 
1201 N.W. 65 Place 
Ft. Lauderdale, FL 33309 
(305) 974-0967 
(800) 331-7766 


Stag Mlcrosystems 
1600 Wyatt Dr. 
Santa Clara, CA 95054 
(408) 988-1118 


Data I/O Corporation 
10525 Willows Rd. N.E. 
P.O. Box 97046 
Redmond, W A 98073-9746 
(206) 881-6444 
(800) 247-5700 


System General 
510 S. Park Victoria Drive 
Milipitas, CA 95035 
(408) 263-6667 
Tiawan: (886) 2-9173005 


Mlcropross 
5 Rue Denis Papin 
59650 Villeneuve 0' Ascq 
France 
(011) 33204-79040 
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Introduction 
This application 
note covers three areas: 


• 
Where and why do I use Programmable 
Logic Devices (PWs)? 


• 
How do I use PLDs? 


• 
Software 
and 
hardware 
support 
for 
AtmeIPLDs. 


Where 
Do I Use PLDs? 
Any digital logic design can be done using 
PLDs. If you normally begin your design by: 


• 
Using AND and OR functions 


• 
Thinking of7400 
series components 


• 
Using truth tables, or 


• 
State diagrams 


you are already on the path to using PLDs. 


Designing 
a microprocessor 
based system, 
with memory and I/O? How about all that 
"glue" logic you use to interface 
with the 
bus, provide chip selects, and any unusual 
signals required by special chips? Most of 
these functions are currently done with 7400 
series TIL. 
How about 
using a PW 
in- 
stead? 


Designing 
a stand-alone 
PC board 
which 
uses a state machine to control multiple out- 
put signals? 
Using 
latches to synchronize 


signals? Using counters to divide down mas- 
ter clock frequencies? 
Converting 
parallel- 
to-serial and back again? All of these func- 
tions fit easily in modem PLDs. Most any- 
thing found 
in your ITL Databook 
can be 
replaced with your own, PERSONAllZED, 
programmable 
logic device. 


PLD Applications 


• 
GlueLogic 
• 
State Machines 
• 
Synchronization 
• 
Decoders 


• 
Counters 
• 
Bus Interfaces 
• 
Parallel-to-Serial 
• 
Serial-to-Parallel 
• 
Subsystems 
• 
and Many Others 


Why PLDs? 
Maybe you have already heard all the won- 
derful reasons for using PLDs. Well, they're 
true! First, let's review some of the more 
important ones: 


• 
Increased 
Integration. 
You can reduce 
the package count of your designs while 
simultaneously 
increasing 
the features 
offered by your product. 


• 
Lower Power. CMOS and fewer pack- 
ages combine to reduce power consump- 
tion. 


• 
Improved 
Reliability. 
Lower power 
plus fewer interconnections 
and pack- 
ages translate into greatly improved sys- 
tem reliability. 


• 
Lower 
Cost. 
PLDs 
reduce 
inventory 
costs, too. 


• 
Easier 
To Use! Yes, believe it or not, 
once you get past the initial learning pe- 
riod, PLDs are easier to use than discrete 
logic functions. 


• 
Easier to Change. 
Oops! Need to make 
a change? You won't need "blue wire" 
when you use a PLD-- 
all changes are 
internal, and can be done quickly. ECNs 
are a snap-- 
and system reliability 
is 
maintained! 


UV Erasable 
Programmable 
Logic Device 


Application 
Note • 


Let's Get Started! 
Figure 1 describes 
the PLD design process. After having read 


the first part of this application 
note, you now have the perfect 


application for a PLD, right? So here you go! 


How do you translate your idea into a working prototype? First, 
you need a computer with an editor of some kind. If you have a 
workstation with a schematic editor, you may input your design 
using familiar logic blocks. Otherwise, a line or full screen text 
editor, used in the non-document 
mode will do. An example of 


an ABELTMtext file is on the next page. 


Next, turn the logic compiler 
loose on your design. First it will 


check for typographical errors and any inconsistencies 
in your 


specification. 
Most compilers then auempt to reduce your logic 


using standard logic reduction 
theory. Then, a simulator 
will 


check the test vectors you input, comparing your logic descrip- 
tion against the predicted responses. This is an excellent way to 
verify your design. Check with the appropriate software manu- 
als for more information. 


At the end of the compilation 
process, a JEDEC me is output. 


This file is a standard format accepted by most programming 
hardware. Next download thisfile to your chosen programmer. 


At this point you are ready to "build" 
your prototype. 
Make 


sure the programmer 
has the correct information to program the 


device you have chosen (an Atrnel PLD, of course), plug in your 
device, and go! Most programmers 
will even functionally 
test 


your prototype for you if you include test vectors in your JEDEC 
file. 


Take your configured PLD, and plug it into your system. If you 
find any errors, just use your editor 
to make the necessary 


changes, and repeat the process. It's easy! 


Example Design 
The following design is a simple example using ABELTMto pro- 
cess the logic description 
file and an AT22VIO as the target de- 


vice. The equations are on the next page, and are a direct repro- 
duction of the actual ABEL input file. 


Each of the three allowable 
input formats are shown. A truth 


table is used to describe a simple 2-to-4 decoder, as is often used 


to decode chip selects in a microprocessor 
system. Next, the 


state machine format is used to describe a divide-by-4 
counter. 


And finally, Boolean equations are used to describe some ran- 
domlogic. 


Note the test vectors used to test the device. The "c" nomencla- 
ture means that this pin has a low to high to low series of tran- 
sitions 
for this vector. Each 
time this happens, 
the counter 


should increment. Also note that the counter starts in the reset 
condition, which is both outputs "1" for an active low output. 


Now you're ready to go - Have fun! 


Schematic 


Editor 


Text 


Editor 


Note: 
1. Examples of compilers are ABELTM,CUPLTM,and 


LOG/iC. Each of these products contains modules 
which allow simulation of your design. They also 
minimize your logic equations, which gives you flexi- 
bility in describing your design. 


module X3 flag'-r3'; 
title 
'Example 
using 
22VIO - KHG 1/6/88'; 
X310 device 
'P22VIO'; 


Clk,A12,A13 
CEO,CE1,CE2,CE3 
Ql,Q2,CarOut 
CarEn,A,B,C,D 
Outl,Out2 


1,2,3; 
20,21,22,23; 
17,18,14; 
6,7,8,9,10; 
15,16; 


States 
AbOO; 
AblO; 
State2 
State4 
Statel 
State3 


"The following 
truth 
table defines 
the 2 to 4 decoder, 
which 
decodes 
A13 
and A12 
into CEO, CE1, CE2, 
and CE3. 
truth_table 
([A13,A12] 
-> 
[CEO,CE1,CE2,CE3]) 
[ 0, 0] 
-> 
[0, 
1, 1, 1 ]; 
[0,1] 
-> 
[1,0,1,1]; 
[1',0] 
-> 
[1,1,0,1]; 
[ 1, 1] 
-> 
[1, 
1, 1, ° ]; 
"The following 
state description 
defines 
the divide by 4 counter 
state_diagram 
[Q2,Q1] 
State State1: 
GOTO 
State2; 
State State2: 
GOTO 
State3; 
State 
State3: 
GOTO 
State4; 
State 
State4: 
GOTO 
State1; 
The following 
equations 
are general 
in nature 
to illustrate 
Boolean 
input 
format. 
The CarOut 
equation 
uses 
state 4 above to produce 
a carry. 
Equations 
CarOut = 
Q2 
& 
Q1 
& 
CarEn; 
"& 
= AND 
Out1 
A 
& 
B + 
C 
& 
D; 
"+ 
OR, AND takes precedence 
Out2 
A 
& 
C + 
B 
& 
D; 
"The following 
are the appropriate 
test vectors 
test vectors 


([Clk, CarEn, 
A13,A12, 
A, B, C, D]- 
> 
[CEO,CE1,CE2,CE3,Q2,Q1,CarOut,Out1,Out2]); 
[ 0, 0, 0, 0, 0, 0, 0, ° 
- > 
[ 0, 1, 1, 1, 1, 1, 0, 0, ° 
] ; 
[ c, 0, 0, 1, 1, 1, 0, ° 
- > 
[ 1, 0, 1, 1, 0, 0, 0, 1, ° 
] ; 
[ c, 0, 1, 0, 1, 0, 1, ° 
- > 
[ 1, 1, 0, 1, 0, 1, 0, 0, 1 ]; 
[ c, 0, 1, 1, 0, 0, 1, 1 
- > 
[ 
1, 1, 1, 0, 1, 0, 0, 1, ° 
]; 
[ c, 0, 0, 0, 0, 1, 0, 1 
- > 
[ 
0, 1, 1, 1, 1, 1, 0, 0, 1 ]; 
[ 0, 1, 0, 1, 1, 1, 1, 1 
- > 
[ 1, 0, 1, 1, 1, 1, 1, 1, 1 ]; 


end X3; 
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Selecting Decoupling Capacitors 
For Atmel's EPLDs 


Introduction 
This application note provides a summary of 
infonnation 
needed when selecting decou- 
piing capacitors 
for Atmel Programmable 
Logic Devices. 
A 0.22-J!F, multi-layer 
ce- 
ramic or plastic dielectric 
capacitor is rec- 
ommended 
for such 
use. Either 
surface- 
mount 
(SMD) 
or 
radial-leaded 
devices 
should be used. Because of their high para- 
sitic resistance and/or inductance, 
tantalum, 
aluminum 
electrolytic, 
and axially 
leaded 
capacitors are not recommended. 


When is a Capacitor 
Not a Capacitor 
Unfortunately, 
capacitors are not the perfect 
charge storage devices we would like them 
to be. Their lead wires and internal construc- 
tion create parasitic 
resistance 
and induc- 
tance in series with the capacitance. 
These 
parasitics 
are usually 
referred 
to as ESR 
(equivalent 
series 
resistance) 
and 
ESL 
(equivalent series inductance), 
respectively. 
As will be shown, these parasitics can seri- 
ously reduce the ability of many types of ca- 
pacitors 
to decouple 
supply noise in high- 
speed systems. 
Table 
1 gives typical ESR 
and 
ESL 
values 
for 
various 
types 
of 
capacitors. 


As shown, ESR values range from 0.01 ohm 
to as high as 9 ohms. ESL varies from 2 nH 
for typical surface mount devices to 20 nH 
for electrolytic 
capacitors. 
These numbers 
are typical values, taken from data from sev- 
eral manufacturers. 
As expected, 
there is 
some 
variation 
between 
manufacturers. 
Also, worst case specification 
values will be 
significantly 
higher, 
especially 
for 
ESR 
values. 


How ESR and ESL can Affect 
High Speed Operation 
The effects of these parasitics may be best 
illustrated 
by a simple example. 
Consider 
the case of a 22VI0L. 
In the standby mode, 
Icc current is typically only 5 mA. When an 
input switches, 
Ice may temporarily 
go as 
high as 100 mA. This increase 
in current 
draws charge from the local decoupling ca- 
pacitor. 
This capacitor 
current 
will create 
voltage drops across the ESR and ESL para- 
sitic elements. 
To see how these voltage 
drops can cause problems in a system, look 
at a typical decoupling application. 


In this example the design goal of the capac- 
itor is to keep local supply noise below 0.2 
volts, a reasonable 
expectation. 
This im- 
mediately 
sets an upper limit on ESR of 2 
ohms. 


ESR..,. = Voois. / 11M% 
Imax= 
Highest Expected Capacitor Current 


The upper limit on ESL is detennined 
by 
how quickly 
the capacitor's 
current 
must 
change, as well as how much supply noise 
will be tolerated 
during 
that change. 
For 
high-speed logic devices, Ice must be able to 
switch from standby to active levels within 
2 to 3 nanoseconds. 


In this example, an upper limit on ESL of 4 
t06 nH is set. 


Consider what can happen if these limits are 
exceeded. 
If an axially 
leaded multi-layer 
ceramic capacitor with ESR of 0.15 ohm is 
used, the resistance drop in our application 
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will not be significant (100 mA X .IS Ohm = IS mV). However, 
the inductance 
will not allow the current to reach 100 mA in 6 


nanoseconds. 
This can slow the logic device switching by sev- 
eral nanoseconds. 


What Types to Use: 
Multi-layered 


Ceramic and Plastic Dielectrics 
From this example, it is apparent that the parasitic elements on 
capacitors 
can easily limit their decoupling 
ability. Therefore, 
users of high-speed logic need to pick their capacitors with care. 
The data in Table 1 shows that the best bets are surface-mount, 
multi-layered 
ceramic 
(MLC) 
or plastic 
dielectrics. 
Of the 
leaded devices, only radial types are recommended. 


Within the MLCs, there are different classes of dielectric. Class 
I has the best characteristics, 
but its small dielectric 
constant 


makes it impractical 
for decoupling 
values. Class II is highly 


recommended, 
as it has good temperature 
stability 
(percent 


variation -SS'C to 12S'C) and aging characteristics 
(10 percent 


in ten years). Class III, on the other hand, drops to less than 50 
percent of its rated capacitance 
at 8S'C, and to only 2S percent 


at -S5'C. Class III dielectric also loses 20 percent of its rated 
value in ten years. Therefore, 
Class III MLCs are only recom- 
mended for applications where temperature excursions are min- 
imal.- 


Plastic dielectric 
capacitors 
in general offer performance 
as 
good as Class II MLCs. Among the dielectrics available today 
are polypropylene, 
polyester, 
polycarbonate, 
polystyrene 
and 


teflon. Capacitance 
variation with temperature 
depends on the 
particular material, but is generally less than ±20 percent from 
-SS'C to 12S'C. Aging is minimal, usually less than 2 percent in 
10 years. Unfortunately, 
not many manufacturers 
make surface- 
mount plastic dielecttic capacitors. That should change soon, as 
surface-mount 
technology 
advances and becomes more com- 


mon. 


When 
using radial 
leaded 
cases, 
be sure to minimize 
lead 


lengths, as ESL increases quickly with longer leads. For exam- 
ple, if a capacitor has 6 nH of inductance with 2 mm leads, ex- 
tending leads to S mm will increase ESL to 10 nH. 


What Types Not to Use: 
Aluminum Electrolytic, Tantalum, and 
Anything Axial 
The design example above together with the numbers given in 
Table 1 show that some types are not suitable at all for decou- 
piing high-speed 
devices. Specifically, 
the high inductance 
of 
axially leaded capacitors puts them on the "don't use" list. Also, 
tantalum and aluminum 
electrolytic 
devices are generally 
not 


recommended, 
as they have high ESR and/or ESL, even in ra- 
dial and surface-mount 
configurations. 


In Any Case, 
Know Your ESL and ESR 
ESR data is often found in catalogs. 
However, 
this will nor- 


mally be only low-frequency 
data, and ESR is frequency depen- 


dent (dropping at higher f). ESL data is not usually given in 
catalogs. The best thing to do is get Z versus frequency 
data 


from the manufacturer. 
From such a graph (with frequency up 


to at least 10 MHz), you can extract high frequency ESR and 
ESL. 


How Much Capacitance Do You Need 
For decoupling 
Atmel's 
EPLDs a 0.22-~ 
capacitor is recom- 


mended. In many cases, this will be overkill. However, deter- 
mining how much less you could get by with for a particular 
application 
is dependent 
upon several factors. The number of 


PC board supply planes, the board's dielectric thickness and di- 
electric constant, the value (and ESR and ESL!) of power entry 
decoupling capacitors, 
among other things, will determine just 


how much is really needed. The best bet is to use a good 0.22- 
IJF and be safe. Besides, the more decoupling is taken care of by 
local capacitors, the lower the board's HF emissions will be. 


Summary 
Choosing the right decoupling capacitor is an important part of 
high-speed 
circuit design. Choosing 
the wrong one can intro- 


duce supply noise that can slow down signal switching or even 
end up giving incorrect 
data. For decoupling 
Atmel EPLDs, 


0.22-1JF capacitors are recommended. 
These should be of either 


multi-layer 
ceramic or plastic dielectric 
type. Surface-mount 


devices are best, with radial leaded cases also being acceptable. 


Dielectric 
Body 
L (nH,typ) 
R(ohm,typ) 
Rating 
Comments 


SMD 
2 
.02 
E 
Highly recommended 


Ceramic II 
Radial 
6 
.07 
G 
Keep leads short 


Axial 
12 
.07 
S 
Axial always = Higher L 


SMD 
2 
.04 
G 
C loss hot/cold/old 


Ceramic III 
Radial 
6 
.15+ 
S 


Axial 
12 
.15+ 
X 


SMD 
2 
.03 
E 
Hard to find 


Plastics 
Radial 
5+ 
.01+ 
G 
Get R and L data 


Axial 
12+ 
.01+ 
X 


SMD 
13 
9.0 
X 
Forget it 


Aluminum 
Electrolytic 
Radial 
15+ 
1.5+ 
X 


Axial 
20 
1.5 
X 


SMD 
? 
3.0 
X 


Tantalum 
Radial 
10+ 
1.0 
X 


Axial 
15+ 
1.0 
X 
• 


Ratings code: 
E 
Excellent; highly recommended 


G 
Good; will perform well in most applications 


S 
Satisfactory;be aware of specific vendor's device performance 


X 
Not recommended 
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Using a Programmable Logic Device 
As a System Controller 
In an 1/0 Bus Based System (I) 


Summary 
As Programmable 
Logic 
Devices 
(PLDs) 
become more complex, the amount of logic 
that can be placed in one device is rapidly 
increasing. 
Complete 
controllers 
and sub- 
systems now fit into one or two PLDs. As a 
result, the PLD may now be connected 
di- 
rectly to the system bus as an independent 
peripheral. 
First generation PAL~ 
devices 
are difficult 
to use in these applications. 
However, recent innovations 
in PLD archi- 
tectUre enable 
them to be easily designed 
into bus-based systems. 


PLD Evolution 
The driving 
force behind 
PLD usage has 
been to integrate as much of the Small Scale 
Integration 
(SSI) 
logic 
on a packed 
PC 
board as possible. The first level of integra- 
tion was made possible by the invention of 
the PAL device. First generation 
products 
were usually in 20-pin packages with a typ- 


ical device having nine dedicated inputs and 
eight dedicated outputs. One input pin was a 
dedicated output enable, and one pin a dedi- 
cated, common clock for up to eight flip- 
flops. Making one of these devices work on 
an I/O bus was difficult and typically was 
used as little more than a simple latch. 


In the mid-eighties, 
second generation 
de- 
vices appeared. These PLDs are generally in 
24 or more pins, have independent 
output 
enable controls and output macrocells. The 
macrocells 
allow the designer to configure 
each output independently 
as registered 
or 
combinatorial. 
However, there are still too 
few registers in these devices to allow the 
design 
of complex 
state machines. 
Also, 
these 
circuits 
lack 
independent 
feedback 
paths, which further reduce the usable num- 
ber of registers. 
This also complicates 
the 
use of the output pins as true I/O structures. 


Note: 
I. This article originally appeared in Northcon '86 
CIIpALis the registered trademark of Monolithic Memories 


3RD 
GENERATION 
EPLDs 


BURIED FLIP-FLOPS 
ASYNCHRONOUS 
CLOCKS 
INDEPENDENT 
FEEDBACK 
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Recently several third generation 
devices (such as the Atmel 
ATV7S0) have appeared. 
These devices are differentiated 
by 
the following features: 


• 
Extra Registers 
Up to twice the usual number. The ATV7S0 has 20 flip-flops. 


• 
Independent Feedbacks 
Feedback paths for the registers are independent 
of the output 
configuration. 
In addition, there are separate input paths from 
the I/O pads. 


• 
Asynchronous Clocks 
Product terms for each flip-flop's 
clock allows the designer to 
break up the registers into different functional blocks. 


Control function outputs that have no other use than to manage 
the other resources inside the PLD need not be brought outside 
the device, allowing implementation 
of complex state machines 
internally. 


As PLDs have evolved, so have the applications 
for them. Ini- 
tially, PLDs could only integrate a few SSI functions. A typical 
application was a special-purpose 
decoder or encoder. With the 
introduction 
of more 
flip-flop3, 
Medium 
Scale 
Integration 
(MSI) functions 
such as state machines 
could be designed. 
Third generation devices are the first true Large Scale Integra- 
tion (LSI) devices, and are capable of integrating several of the 
previous generation 
devices into one package. Now state ma- 
chines can be combined with an output decoder to control pe- 
ripheral functions, and still have adequate resources to interface 
directly to the microprocessor. 


PAL 
DEVICES 


2ND GENERATION 
EPLDs 


3RD GENERATION 


EPLDs 


System 
Application 
The following example is an application of the Atmel ATV7S0 
as a peripheral resource controller. The design required a state 
machine, a bus interface unit and a peripheral control interface. 
All ten outputs of the ATV7S0 are used, most in the combina- 
torial mode. However, 
the 17 required 
flip-flops 
were still 
available to latch the address and data buses, provide a status 
register, and a two-bit counter. This design would require three 
second generation, 24-pin PLDs, or five first generation 20-pin 
devices and at least two other discrete devices. In all, more than 
80 percent of the ATV7S0 is utilized. The number 
of gates 
alone integrated 
into the ATV7S0 in this application 
is more 
than other 24-pin PLD's have to offer. 


• 
TheSystem 
The system described is a peripheral controller/bus 
interface for 
connecting a special-purpose, 
custom encryption I exponentia- 
tion chip to an 80186 microprocessor 
(Figure 
I). The custom 
chip has a serial interface, and only one bi-directional 
pin to 
indicate its "busy" status. All chip functions are controlled with 
a set of single-purpose 
input pins. While simple, this interface 
is not directly compatible 
with a modem microprocessor, 
such 
as the 80186. The PLD system described not only combines the 
required glue logic, but also off-loads the parallel-to-serial 
con- 
version from the processor. 
This application 
note will only 
touch on the salient features of the design, and why a third gen- 
eration device is so useful. 


SSI 
DECODERS 


STATE 
MACHINES 


STATE MACHINES + 


DECODERS + 110+... 


I 
I 
CKOUT 
CKOUT 
PDOUT 
1 
13 
PCS 
2 
WR 
3 
fm 
4 
ALE 
5 
ENCRYPTION 
80186 
V750 
SUBSYSTEM 


1105 
START 
UNLY 
1/04 
LOX 
ADO 
1/03 
1/09 
PC 1 
AD 1 
1/08 
1102 
PCO 
AD2 
1/01 
1107 
PDIN 
AD3 
1/06 
1100 


• 
The Microprocessor 
Bus 
The 80186 uses a multiplexed 
address and data bus. Several 
control signals, such as ALE, RD and WR tell the system when 
to get what type of data from the bus. The 80186 also has some 
internally decoded chip selects, and one is used here for conve- 
nience. The system clock is an 8-MHz signal, which is appro- 
priate for the encryption chip and well within this PLD' s timing 
specification. The lower four bits of the address are latched into 
the PLD to define the upcoming operation, which then allows 
the PLD to output the requested 
data in one read cycle of the 
microprocessor. 
These address bits are decoded to define the 
instruction to be executed by the PLD subsystem. 


• 
Tackling the I/O Bus 
Using frrst and second generation 
PLDs, the equations for the 
I/O bus interface are shown in Figure 2. These equations con- 
sume twelve sum terms, eight flip-flops, and twelve output pins. 
Since this requires 
two PLDs, another ten input pins are re- 
quired as well. When 
rewritten 
for the ATV750, 
only four 


• 


macrocells are required, and eight sum terms and flip-flops. No 
extra 
inputs 
are required, 
as the ATV750's 
1I0s are true 
input/output pins. 


The equations for the ATV750 are in Figure 3. This compaction 
is possible for three reasons: 


1. 
The individual product terms for OE permit the pin to be 
used as both an input and output. 


2. 
The three feedback paths allow both registers to be used 
while the pin status is still available to the array. 


3. 
The product term for the flip-flop clock means that the sum 
term for one of the flip-flops can be shared between the D input 
and the output pin. A single ATV750 macrocell can incorporate 
logic which would require up to three output pins and one input 
pin in other PLDs. 
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Figure 2. 


adO 
adpO 
& 
!pcs 
& 
!rd 
& 
aiO 
& 
!ai2 
" output data 


# 
!pcO 
& 
!pcs 
& 
!rd 
& 
!aiO 
& 
!ai2 
" 
status " 


# 
yst 
& 
!pcs 
& 
!rd 
& 
!aiO 
& 
!ai2; 
" 
status unly 


adl 
adpl 
& 
!pcs 
& 
!rd 
& 
aiO 
& 
!ai2 
" output data 


# 
!pcl 
& 
!pcs 
& 
!rd 
& 
!aiO 
& 
!ai2j 
" 
status " 


ad2 
adp2 
& 
!pcs 
& 
!rd 
& 
aiO 
& 
!ai2 
" output data 


# 
xst 
& 
!pcs 
& 
!rd 
& 
!aiO 
& 
!ai2 
" status " 


# 
!pcO 
& 
!pcs 
& 
!rd 
& 
!aiO 
& 
!ai2 
" status 


# 
!pcl 
& 
!pcs 
& 
!rd 
& 
!aiO 
& 
!ai2; 
" status 


ad3 
adp3 
& 
!pcs 
& 
!rd 
& 
aiO 
& 
!ai2 
output data 


# 
startqb 
& 
!pcs 
& 
!rd 
& 
!aiO 
& 
!ai2; 
status " 


adpO 
:= 
adO 
& 
!pcs 
& 
!wr 
load data 


# 
pdout 
& 
!ystb 
circulate 
y" 


# 
pdout 
& 
!xstb 
circulate 
x" 


# 
pdout 
& 
!pcsO 
circulate 
load" 


# 
pdout 
& 
!pcsl 
circulate 
load" 
# 
adpO 
& 
ystb 
& 
xstb 
& pesO 
& pcsl 
& pes 
hold data" 
# 
adpO 
& 
ystb 
& 
xstb 
& pesO 
& pcsl 
& 
wri 
hold data" 


adpl 
:= 
adl 
& 
!pcs 
& 
!wr 
load data 


# 
adpO 
& 
!ystb 
circulate 
y" 


# 
adpO 
& 
!xstb 
circulate 
x" 


# 
adpO 
& 
!pcsO 
circulate 
loadu 
# 
adpO 
& 
!pcsl 
circulate 
load" 
# 
adpl 
& ystb 
& xstb 
& pesO 
& pcsl 
& pes 
hold data" 


# 
adpl 
& 
ystb 
& 
xstb 
& pesO 
& pcsl 
& 
wr; 
hold data" 


adp2 
:= 
ad2 
& 
!pcs 
& 
!wr 
load data 


# 
adpl 
& 
!ystb 
circulate 
y" 


# 
adpl 
& 
!xstb 
circulate 
x" 
# 
adpl 
& 
!pcsO 
circulate 
load" 
# 
adpl 
& 
!pcsl 
circulate 
loadll 
# 
adp2 
& 
ystb 
& 
xstb 
& 
pesO 
& pcsl 
& pes 
hold data" 
# 
adp2 
& ystb 
& 
xstb 
& pesO 
& pcsl 
& 
wri 
hold data" 


adp3 
:= 
ad3 
& 
!pcs 
& 
!wr 
load data 


# 
adp2 
& 
!ystb 
circulate 
y" 
# 
adp2 
& 
!xstb 
circulate 
x" 
# 
adp2 
& 
!pcsO 
circulate 
load" 
# 
adp2 
& 
!pcsl 
circulate 
load" 


# 
adp3 
& ystb 
& xstb 
& 
pesO 
& pcsl 
& pes 
hold data" 


# 
adp3 
& ystb 
& 
xstb 
& pesO 
& pcsl 
& 
wri 
hold data" 


aiO 
:= 
adO 
& 
pes 
idle state " 


# 
adO 
& 
ale 
idle state 
" 


# 
aiO 
& 
!pcs 
& 
!ale; 
hold 
instruction" 


ail 
:= 
adl 
& 
pes 
idle state " 


# 
adl 
& 
ale 
idle state " 


# 
ail 
& 
!pcs 
& 
!alej 
hold 
instruction" 


ai2 
:= 
ad2 
& pes 
idle state " 


# 
ad2 
& 
ale 
idle state " 


# 
ai2 
& 
!pcs 
& 
!alei 
hold 
instruction" 


ai3 
:= 
ad3 
& pes 
idle state " 


# 
ad3 
& 
ale 
idle state " 


# 
ai3 
& 
!pes 
& 
!alej 
hold 
instruction" 


7·206 
CMOS EPLD 


aiO.ck 
ail.ck 
clk2 
, 
!ale; ai2.ck 
clk2 
, 
!ale; ai3.ck 
clk2 , 
!ale; "clock 
instruction 
clk2 , 
!ale; "clock 
instruction 


adO & !pcs , ale 
adpO 
, 
!pcs , 
!rd , aiO , 
!ai2 
!pcO , 
!pcs , 
!rd , 
!aiO , 
!ai2 
yst , 
!pcs , 
!rd , 
!aiO , 
!ai2 


"load instruction" 
"output data 
"status 
" 
"status unly 


"load instruction" 
"output data 
"status 
" 


"load 
instruction" 
"output data 
"status 
" 
·'status 
"status 


"load instruction" 
"output data 
"status 
" 


enable 
adO 
!pcs '!rd; 
enable 
ad2 
!pes , 
!rd; 


enable 
adl 
- 
!pcs , 
!rd; 
enable 
ad3 
!pcs , 
!rd; 


(adp equations 
remain 
the same as before, 
but are now buried 
in the macrocell) 


adl , 
!pcs , ale 
adpl 
, 
!pcs , 
!rd , aiO , 
!ai2 


!pcl , 
!pcs , 
!rd , 
!aiO , !ai2; 


ad2 , 
!pcs , ale 
adp2' 
!pcs,' 
!rd , aiO , 
!ai2 
xst 
, 
!pcs , 
!rd , 
!aiO , 
!ai2 
!pcO , 
!pcs , 
!rd , 
!aiO , 
!ai2 


!pcl , 
!pcs , 
!rd , 
!aiO , 
!ai2; 


ad3 , 
!pcs , ale 
adp3 
'!pcs' 
!rd , aiO , 
!ai2 
startqb 
, 
!pcs , 
!rd , !aiO , 
!ai2; 


:= 
ai2' 
aiO , start 


t 
!cnO , count 
, 
!pcsO 
t 
!cnl' 
count' 
!pcsO 


:= 
ail' 
ai2 , start 
t 
!cnO , count 
, 
!pcsl 
t 
!cnl' 
count' 
!pcsl; 


t 
!cnl' 
count' 
!pcsl; 
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• 
The Chip Interface 
The encryption chip is loaded and unloaded serially, four bits at 
a time in this design. The equations for the interface logic are in 
Figure 4. Also in this figure is a simple state diagram for the 
two-bit counter required for this design. This state machine is 
buried, and its decoded outputs are used to control the serial 
transfers. 


• 
Starting the Peripheral Chip 


To begin execution in the peripheral chip, a bi-directional signal 
named start is asserted. This is an active low signal. The con- 
troller must assert this signal low for four clock cycles. Then the 
exponentiation 
chip will hold this line low until it has com- 
pleted its operations. 
An external pull up resistor is required. 
The internal flip-flop, whose output is named stint, contains the 
state of the peripheral. This is used to signal the microprocessor 
that the subsystem 
is busy 
when 
the processor 
reads 
the 
ATV750's 
status. 


• 
Multiplexing Flip-Flop Inputs and 110Pins 


One I/O pin / flip-flop combination can be used to store the state 
of the encryption chip and to output this to the peripheral. This 
is accomplished 
by multiplexing 
the sum term output between 
the flip-flop's 
D input and the output buffer. The sum term and 


the OE product term are active to begin the encryption chip's 
exponentiation 
cycle. After the state machine counter finishes 


counting, the output is put into the high impedance state. If the 
external chip has begun its operation correctly, it will then hold 
the pin low. Now the state of the I/O pin is used as the D input 
to the flip-flop, but not output because the OE term is off. The 
multiplexed 
macrocell 
is in Figure 7. The following 
simple 


equations are all that is required to implement this logic: 
enable 
start 
!count; 


stint 
:= 
!coun 
* 
!start & count; 


start.c 
clk2; 


Conclusion 
The application of a third generation EPLD in an I/O bus based 
system demonstrates 
the usefulness of the following features: 


• 
Buried 
Registers 


• 
Independent 
Feedback 
Paths 
• 
Asynchronous 
Register 
Clocks. 


This design consists 
of roughly 
600 gates, 
which fit into a 


ATV750 gate complexity EPLD with an 80 percent utilization 
factor. Due to the usefulness of the new features and their im- 
plementation 
in the macrocell 
of the ATV750, 
this design, 
which would have required 
three second generation 
devices, 
could easily fit into one ATV750. 


=============::<J--- 


Introduction 
Conventional EPLD I/O pin logic forces you 
to choose either a dedicated output pin or a 
dedicated input pin. This renders the output 
register 
unusable. 
Multiple 
feedback 
paths 
and individual product tenn controlled 
out- 
put enables 
(OEs) make the ATV750 
I/O 


Registered Output 
~a1 
~ao 


pins truly bi-directional. 
An ATV750 I/O pin 
can be configured 
as a dedicated 
input, a 
dedicated output, or an input and output bus 
interface pin. No registers are sacrificed 
in 
the process. All registers can be buried. 


Burled Registers 
To use the buried register outputs, they must 
have a unique name. The compilers need to 
know which register to associate 
with each 
signal name. Each compiler uses a different 
method for assigning node numbers to signal 
names. Table 1 shows how to assign these 
names for each compiler. Table 2 lists node 
names for each compiler. Note: Q 1 need not 
be defined 
if QO is sharing 
Q 1's product 
tenns. 


ABELTM, Atrnel-ABELTM, 
CUPLTM, and 
Tango-PLD: 
If the output is combinatorial 
or if QO shares the product tenns of Q 1 in a 
registered output, the Q 1 node does not need 


a name. Name 
QI 
nodes with the proper 
node numbers and refer to Feedback Options 
on how to access QOs and Qls. 


LOGiC: 
LOGiC requires 
you to name the 
QO nodes if you are using the pin as an input 
and still using QO. or if you are using OE to 
make the pin an input and an output. 


PistoHl: 
No node numbers are necessary. 
QO nodes are named by declaring 


Product 
Example 
Node 
Declaration 
Comments 
-- 


ABELTM 
anyname 
node 
26; 


Atmel-ABEL 
™ 
anyname 
node 
26; 


CUPLTM 
pinnode 
25. 
anyname; 


LOGiC 
anyname 
= 
l' 
Following 
key word "NODE 


PistoHI 
anyname 
OO! 
pinname; 
Use 01! for 01 declaration 


TangoPLD 
anyname 
In PUTPART 
place "anyname" 
as the 25th sianal 


AlmEL 


UV Erasable 
Programmable 
Logic Device 


Application 
Note 
• 


Table 
1. ATV750NodeNumbers 


ATV750 
ABELTM 
Almel.ABEL 
TM 
CUPLTM 
LOGIC 
TangoPLD 
Pin Numbers 
01 
01 
01 
ao 
01 
01 


14 
26 
26 
25 
2 
1 
25 


15 
27 
27 
26 
4 
3 
26 


16 
28 
28 
27 
6 
5 
27 
17 
29 
29 
28 
8 
7 
28 


18 
30 
30 
29 
10 
9 
29 


19 
31 
31 
30 
12 
11 
30 


20 
32 
32 
31 
14 
13 
31 


21 
33 
33 
32 
16 
15 
32 


22 
34 
34 
33 
18 
17 
33 


23 
35 
35 
34 
20 
19 
34 


ATV750 Feedbacks 
Each third party product uses a slightly different syntax for ac- 
cessing the feedback paths (refer to Table 3). Whenever the QO 
register is used and the OE term is disabled or conditionally 
disabled. care must be taken to ensure the correct feedback path 
is referred to in your equations. 
Version 
1.11 of Tango-PLD 


does not support the QOfeedback. This syntax may change with 
each new software revision. Please check with the specific soft- 
ware manufacturer 
or Atmel EPLD Applications 
if you are ex- 


periencing unexpected results. 


OE 
A-=8-- c 


.. 


C 
A 
B 


ABELTM 
pinname.FB 
nodename 
- 
- 
pinname 


Atmel-ABEl 
™ 
pinname.FB 
nodename 
pinname 


CUPLTM 
pinname 
nodename 
pinname.lO 


lOGiC 
nodenameO 
nodename1 
pinname 


PistoHI 
nodenameO 
nodename1 
pinname 


TangoPlD 
no support 
nodename 
pinname 


ATV2500 Node Numbering 
With an additional OR. the ATV2500 logic cell becomes even 
more versatile than the ATV750 logic cell. Under certain situa- 
tions. an additional set of buried registers must be defined. The 
same syntax used for ATV750 (Table 3) can be used to name 
the ATV2500 buried registers. The node numbers are listed in 
Table 4. 


ABELTM.Atmel-ABELTM. CUPLTM.and TangoPLD: 
Ql need 


not be named when the output logic cell is configured as 8- or 
12-term combinatorial 
output Q2 need not be named when out- 


put logic cell is configured as 12-product term combinatorial 
or 


registered output Name Ql and Q2 nodes with the proper node 
numbers and refer to Feedback Options for selecting the correct 
feedback paths. 


PistoID: 
No node numbers are necessary. 


Q 1 nodes are named by declaring 


: nodenamel 
Ql! pinname; 


Q2 nodes are named by declaring 


• 
ATV2500 
ABELTM 
Atmel.ABEL TM 
CUPLTM 
TangoPLD 


Pin Numbers 
01 
02 
01 
02 
01 
02 
01 
02 


4(1) 
217 
41 
217 
41 
65 
41 
41 
65 


5(1) 
218 
42 
218 
42 
66 
42 
42 
66 
6(2,3) 
219 
43 
219 
43 
67 
43 
43 
67 


-,(3) 
220 
44 
220 
44 
68 
44 
44 
68 
8 
221 
45 
221 
45 
69 
45 
45 
69 
9 
222 
46 
222 
46 
70 
46 
46 
70 
11 
223 
47 
223 
47 
71 
47 
47 
71 
12 
224 
48 
224 
48 
72 
48 
48 
72 
13 
225 
49 
225 
49 
73 
49 
49 
73. 


14 
226 
50 
226 
50 
74 
50 
50 
74 
15 
227 
51 
227 
51 
75 
51 
51 
75 
16 
228 
52 
228 
52 
76 
52 
52 
76 


24 
229 
53 
229 
53 
77 
53 
53 
77 
25 
230 
54 
230 
54 
78 
54 
54 
78 
26 
231 
55 
231 
55 
79 
55 
55 
79 
27 
232 
56 
232 
56 
80 
56 
56 
80 
28 
233 
57 
233 
57 
81 
57 
57 
81 
29 
234 
58 
234 
58 
82 
58 
58 
82 
31 
235 
59 
235 
59 
83 
59 
59 
83 
32 
236 
60 
236 
60 
84 
60 
60 
84 
33 
237 
61 
237 
61 
85 
61 
61 
85 
34 
238 
62 
238 
62 
86 
62 
62 
86 
35 
239 
63 
239 
63 
87 
63 
63 
87 
36 
240 
64 
240 
64 
88 
64 
64 
88 


Notes: 
I. Due to the memory limitations ofPCIMS DOS, 
ABELTMPC versions 3.0 to 3.2 and Atmel-ABELTM 
version 1.01 do not support the macrocells associated 
with pin 4 and 5. These pins can only be used as 
inputs. 


2. These same versions of ABELTMand Atmel-ABELTM(see 


above) do not support the AR terms of Q2 associated with 
pin 6. 


3. These same versions of ABELTMand Atmel-ABELTM(see 


above) do not support the Synchronous Preset of pin 6 and 7. 


ATV2500 
Feedbacks 


Each third party product uses a slightly different syntax for ac- 
cessing the feedback paths (refer to Table 5). Whenever the Ql 
register is used while the OE tenn is disabled or conditionally 
disabled (e.g. during read cycles). care must be taken to ensure 
the correct feedback path is used. For example. a counter can 
lose its count if you use the pin feedbacks rather than the Ql 
register feedbacks 
and decide to disable the OE for the read 


cycle. 


Feedback 
Options: 


Combinatorial 
Output 


4_~_=_':_t 
,_.,.,.,_.,.,.,._,.,. 
~ 
C 


4 Product 
Ii 


Term. 


4 Product 


Terms 


The current version of Tango_PLD cannot support the Ql feed- 
back when the 1/0 pin is configured 
as an input (OE disabled) 


or when OE is conditionally 
disabled. 


This syntax 
may change 
with each new software 
revision. 


Please check with the specific software manufacturer 
or Atmel 


EPLD Applications 
if you experience unexpected results. 


8 Product 


Term. 


OE 
A-=i>- c 


4 Product 


Term. 


A 
B 
C 


ABELTM 
Registered 
pinname.FB 
nodename2 
pinname 


Combinatorial 
nodename1 
nodename2 
pinname, 


CUPLTM 
Registered 
pinname 
nodename2 
pinname.IO 


Combinatorial 
nodename1 
nodename2 
pinname 


Tango-PLD 
Registered 
no support 
nodename2 
pinname 


Combinatorial 
nodename1 
nodename2 
pinname 


Abnel's 
testing 
of non-windowed 
CMOS 


PLOs is comprehensive 
and thorough. 
It is 
sufficient to guarantee programmability 
and 


performance. 
The wafer-probe 
test checks 
one-hundred percent of all memory elements 
for programmability. 
Final test of packaged 
units checks 
programming 
a second 
time. 
Performance 
testing 
on 
the 
Quality 
Test 
Array (QT A) guarantees AC test parameters. 
This data shows a high degree of correlation 
with standard array performance 
data. 


Introduction 
Abnel's 
corporate goal is to meet or exceed 
our customers' 
requirements 
one-hundred 
percent 
of the time. This means 
we must 
prove to ourselves that each product shipped 
will perform as specified or better. 


PLOs 
must meet two different 
device 
re- 
quirements: they must program as a memory 


device, and they must function as a logic de- 
vice. This requires testing all devices in two 
very different ways. 


The 
programmable 
elements 
in 
Abnel's 


CMOS PLDs are UV EPROM memory cells. 
The AND array programs 
like an EPROM. 
UV light cannot 
penetrate 
non-windowed 
packages (e.g., any plastic package or solid 
lid 
ceramic 
package). 
Erasing 
a 
non- 
windowed EPROM element is not possible. 
Any testing by Abnel before shipment can- 
not program the main AND array or the cus- 
tomer cannot enter his own pattern. 


Atmel's 
test methodology 
guarantees 
our 
PLOs will program and perform to the data 
sheet, even without programming 
this main 


AND array. 


PROGRAMMING AND 
CONTINUITY CHECK 
ONQTA 


UV Erasable 
Programmable 
logic 
Device 


Application 
Note • 


INPUT 
TERMS 
(rows) 


AND 


ARRAY 


Programming 
After wafer fabrication, the frrst test is wafer-probe 
(Figure 1). 


All PLD dice manufactured 
by Atmel use a similar wafer test 


program. This test programs one-hundred 
percent of the mem- 


ory bits used to implement 
the AND array in our PLDs. This 


programming 
algorithm 
is more 
aggressive 
than 
that im- 


plemented.by 
programming 
manufacturers. 
After verifying all 


bits, the wafer is then UV erased before proceeding further. 


Package assembly is next If the packaging used does not have 
a UV translucent window, the customer is the only one who can 
program 
the device. Atmel must guarantee 
performance 
and 


programming 
by testing other EPROM cells in the device. 


These other EPROM cells are next to the main AND array. A 
discussion of the PLD AND array topography clarifies how to 
test the extra EPROM cells (Figure 2). 


Product term inputs enter the AND array from one end, and 
form the rows of the matrix. Product term outputs leave from 
the bottom- 
product terms form the columns of the matrix. On 


the far right of Figure 2 are the Quality Test Array product 
terms (columns). At the top of the array are theQTA input terms 
(rows). 


Even though wafer-probe 
tests all units' programming, 
pack- 


aged units also have their QTA terms tested. Since these terms 
are physically 
at the ends of the inputs and outputs, this test 


checks the integrity of these lines. The test detects any shorts or 
opens on the inputs or outputs. Programming 
these locations 


also provides a thorough test of the programming 
circuitry. 


The wafer-probe test programs one-hundred percent of allioca- 
tions, and the package test checks the programming circuitry for 
continuity and programmability. 


Performance Testing 
The logic test parameters 
divide into two groups: DC and AC 
test values. All of the DC test parameter 
tests are independent 


of the logic programmed 
into the device. This means that DC 
testing is the same for every PLD sold by Atmel, independent 
of the package used. 


Every different logic implementation 
results in different 
AC 
performance. 
Atmel measures AC performance 
using a "worst 
case" pattern. This pattern is slightly different in nature for each 
PLD. This pattern uses every resource available in the device. 
Outputs can be made to switch in the same direction at the same 
time. The test program applies worst case combinations 
of input 
term and product term patterns to the device. Atmel collects AC 
data with this pattern on each UV erasable device shipped. 


Non-erasable 
devices cannot use their main array for this test. 


Atrnel programs a special speed test pattern into the QT A. Tests 
on this array measure all of the same AC characteristics 
as those 


done on erasable units. Correlations between the main array and 
the QTA follow. 


Correlation 
Three parameters 
measured on 26 units show a high degree of 
correlation between windowed PLD testing and non-windowed 
PLD testing. Measurements of Teo, Ts, and 1PD show little dif- 
ference between performance 
testing on the standard array ver- 


sus performance 
testing on the QT A. 


Teo (clock to output) is independent 
of the memory array. The 


signal path is directly from the clock input buffer to all ten flip- 
flops in the AT22VI0, 
and then straight to the output buffer. 


The data shows a very tight distribution, 
and the difference in 


the two measurement 
techniques is within the accuracy of the 
setup (see Table 1). 


Ts (setup time) and 1Po (propagation 
delay) are dependent on 


the EPROM 
array. The data shows an excellent 
correlation, 


with the non-windowed 
test actually measuring slower thiIDthe 


windowed test Atrnel engineers carefully designed the quality 
test array to use the worst case paths for all conditions. 
This 
combination 
is not available to the user, but guarantees that the 


QTA speed path will be slower than the user's speed path (see 
Table 2). 


Summary 
Atrnel thoroughly 
tests all CMOS PLDs independent 
of the 


package used. Programming 
tests check one-hundred percent of 


the memory elements on all units shipped. Performance 
testing 
on the Quality Test Array measures all AC test parameters with 
"worse than" worse case conditions. 
Data taken with both the 


non-windowed 
and 
the 
windowed 
performance 
tests 


demonstrates 
that the non-windowed 
test is accurate and has 


extra guardband. 
Customers 
can feel confident 
that Atmel's 


PLDs meet their performance 
criteria independent of the pack- 


age chosen. 


Table 1. 
Too Performance Testing Comparison 


Parameter 
Tco 
Tco 


Test 
Window 
Non-Window 
Delta 


Average 
I 


8.91 ns 
8.68 ns 
+0.23 ns 


Std. Dev. 
0.18 ns 
0.15ns 
0.06 ns 


Table 2. 
Ts and TPD Perfonnance Testing Comparison 


Parameter 
Ts 
Ts 
TPD 
TPD 


Test 
WIndow 
Non-WIndow 
Delta 
Window 
Non-Window 
Delta 


Average 
I 
6.80 ns 
6.97 ns 
-0.17 ns 
13.92 ns 
14.17 ns 
-0.25 ns 


Std. Dev. 
0.09 ns 
0.11 ns 
0.09 ns 
0.25 ns 
0.25 ns 
0.18ns • 


Designing with the Atmel-ViewPLD 
Development Tool 


Like 
the 
Atmel-ABELTM 
software, 
the 
Atmel- ViewPLD 
development 
tool uses a 
popular 
industry-standard 
CAE 
develop- 
ment 
system. 
The 
development 
tool 
in- 


tegrates the View logic Workview 
software 
as the design environment 
with Data I/O's 
back-end 
technology 
of device fitting and 
fusemapping. With this development 
tool, a 
designer can use schematic 
capture and/or 
the ABELTM Hardware 
Description 
Lan- 
guage 
(ABEL 
HDL) 
to 
functionally 
describe 
his or her design 
requirements. 


Additionally, 
the development 
tool also al- 
lows the designer's 
previous 
PLD designs 


in the form of JEDEC files to be read and 
modelled 
so 
that 
the 
schematic 
repre- 
sentations of the designs can be generated. 


In 
this 
application 
note, 
the 
Atmel- 


ViewPLD 
features 
developed 
specifically 
for Atmel EPLDs 
are discussed. 
Also in- 
cluded 
are the design 
hints which allow 
your designs 
to be efficiently 
fitted into 


your 
favorite 
Atmel 
EPLD, 
and 
the 
Schematic-ro-JEDEC 
and ABEL-to-JEDEC 


compilation process flows. Below is a listing 
of the topics covered in this application note: 


• 
The Atmel- ViewPLD Menu Commands 
"Schematic 
~ 
JEDEC," 
"ABEL 
~ 
JEDEC," and "Prep WIR (Device)" 


• 
The DIO and DSID 
symbols 


• 
Using the IN.! and OUT. 1 symbols for 
your design input and output pins 


• 
Setting your input signal to a constant 
logic level 


• 
Applying 
the 
D_LATCH.I 
and 
IN_LATCH. 1 
symbols 
for 
the 
ATV5000 or ATV5100 devices 


• 
What to do with the unused pins of a 
DSTDsymbol 


• 
Creating 
a Viewdraw 
schematic 
from 
an ABELTM or a JEDEC file 


• 
Simulating 
your 
design 
using 
worst- 
case timing values 


For your reference, the DIO primitive and 
DSTD symbols are listed at the end of this 
application note. 


The Atmel·ViewPLD 
Menu 


Commands 


"SChematic ~ JEDEC:' 
"ABEL ~ 


JEDEC," and "Prep WIR (Device)" 
These commands 
are set up so a device- 


independent 
design can be optimized 
by 


taking into account 
the architecture 
of a 
specific Atmel EPLD selected by the desig- 
ner. In short, the design optimization proce- 
dure enables a more efficient device fitting 
process to be performed. Using menu com- 
mands such as the "Schematic 
~ 
JEDEC" 


and "ABEL ~ JEDEC" commands, a desig- 
ner can create the JEDEC files for his or her 
designs with a single click of the mouse but- 
ton. 


Like many ViewPLD menu commands 
in 
the WORK VIEW design environment, 
the 
"Schematic ~ JEDEC," "ABEL ~ JEDEC," 
and "Prep WIR (Device)" 
commands 
ex- 
ecute the WORKVIEW 
macros (refer to the 
"Workview 
Reference" 
section in Volume 
1 of your WORKVIEW 
manual), which in 
turn 
run 
one 
or 
more 
executable 
files 
(.EXE) 
to generate 
some type of output 
files. 
For 
instance, 
if 
you 
select 
the 


"Schematic ~ JEDEC" menu command for 
P2500 (ATV2500 DIP), the command 
ex- 
ecutes 
the macro file SCH2500.MAC 
in 
the 
WORKVIEw\sTANDARD 
or 
WORKVIEW\ATMEL 
directory. 
The 
process of compiling the schematic 
to the 
JEDEC file is then displayed on the screen. 
If the design does not encounter any errors 
during the compilation 
process, the desig- 


ner may not be required to know the details 
of the process. However, 
it would be ad- 


vantageous 
for the designer to understand 
each 
process 
step, 
especially 
when 
the 
design encounters some compilation errors. 


UV Erasable 
Programmable 
Logic Device 


Application 
Note 
• 


Note that prior to executing 
the "Schematic 
~ 
JEDEC" 
or 


"Prep WIR (Device)" 
menu command. 
you would fIrst need to 


open your design schematic 
via Viewdraw. 
These commands 


Schematic 
Input 


Optimize 
Equations 


Create 
Fusemap 


FUSEASM 


Notes: 
1. A WIR flIe is created by Viewdraw only after executing a "File 


Write" command in Viewdraw. 


2. Before generating the ABELTM(.ABL) file. the WIR2ABL (WIR- 


to-ABEL) generates an intermediate file with extension. VNT. 


will read in the schematic me name that is currently opened. For 
the "ABEL ~ JEDEC" menu command, the design file name will 
be prompted for immediately after execution of the command. 


JEDEC 
file 
(any 
PLD) 
.JED 


Create 
Functional 
Viewsim 
Nellist 
Simulation 
+ Display 
Waveforms 


Create VHDL 
Timing 
Model 


J2VHDL 


VIEWSIMI 
.VLI 
VI EWWAVE 


JEDEC 
file 


to 
Programmer 


If an error occurs in the WIR-to-ABEL conversion specifying 
that there is an intermediate file error. then the error descrip- 
tion will listed in this .VNT flIe. 


3. The flies. TTl •. TT2. and. TT3 are in the Open ABEL PLA 
format. 


The 010 and OSTO Symbols 
Like all other CAE primitive symbols, the DID primitive sym- 
bols provide the building blocks for implementing 
an Atmel- 


ViewPLD design. In the Atmel- ViewPLD development tool, all 
ofthe functional DID symbols such as AND2, AND4, OFF, and 
1FFC, are logically described 
using Boolean equations in the 


functional library mes. These files, which include V25oo.FLB, 
V5000.FLB, 
and 
VIEWLOGLFLB, 
are 
located 
in 
the 


WORKVIEWSTANDARDLffi4 
orWORKVIEWATMEL'UB4 


directory. Figure 2 illustrates the AND2 and 1FF symbols and 
their logic representations 
in the functional library file. 


As shown in Figure 
2, the architectural 
capabilities 
in each 


Atmel EPLD determine 
the type of equation 
in the function 


library file. In fact, there are some DID symbols which are not 
applicable 
for some of the Atmel EPLDs because of their ar- 


chitecture limitations. 
For instance, the DFFPC symbol, which 


is a Ootype flip-flop with asynchronous 
preset and clear con- 


trols, is applicable for the ATV5000 and ATV 5100 devices, but 
not for the ATV750 
and ATV2500 
devices. 
Please refer to 


the DID Library listing (Table 2) at the end of this application note 
for the complete information 
on the applicabilities 
of the DID 


symbols. 


Table I shows the three functional 
library files included with 


the Atmel-ViewPLO 
development 
tool: 


FLB File 
Description 


V2500.FLB 
Logic equations optimized for 
ATV750 and ATV2500 
devices 


V5000.FLB 
Logic equations optimized 
for 


ATV5000 and ATV5100 
devices 


Generic library called by the "PREP 


Viewlogi.FLB 
WIR" command, 
not the "Prep WIR 


(Device)" command 


The fIrst two library 
files are optimized 
for the ATV750, 


ATV25oo, and ATV5000/5Ioo 
device families. The third file, 


VIEWLOGLFLB, 
is used by the "Prep WIR" menu command. 


This command is designed for use if the designer wishes to par- 
tition his or her design into multiple 
designs 
which are op- 
timized for the devices selected by the designer. 
Since each 


functional library file is in ASCII format, the logic equations 
representing 
the DID symbols can easily be modified 
by the 


designer. This flexibility allows the designer to generate his or 
her own DID primitive symbols. 
• 


For more information 
on the DID and OSID 
symbols, please 


refer to the listings found in Table 3 at the end of this applica- 
tion note. Note that the OSTO symbols are the 74-Series TTL 
symbols which are made up of the DID primitive symbols. 


TIF 
T 
a 
Q = 
(T & IQ)# 
(iT 
& 
Q); 


Q.ck 
= CK; 


AlmlL 


Q = T; 
Q.ck 
= CK; 


Using the IN.1 and OUT.1 Symbols for your 
Design Input and Output Pins 
For creating 
the input and output pins for your design, you 


would need to add the IN.l and OUT. 1 symbols (see Figure 3) 
from the oro library 
to your design. 
Simply 
use the "Add 


Comp" menu command to add the IN. I or OUT. I symbol to the 
dangling input nodes. Pin labels must also be assigned to these 
symbols, and not assigned to the nets or nodes. For a design to 
be compiled successfully, 
you must have at least one input pin 


defined. Note that a design will simulate properly via Viewsim 
without any IN. I and OUT. I symbols (see Figures 3-4). 


IN.1>- 


A1~ 
AND2 


A2 


ABEL ™ 
Source File 


AND2, 
A2, 
Al 
pin; 
AND2 
istype 
'com'; 


Equations 


Notes: 
1. Please refer to the next section when you are asssigning the 


VDD and GND labels to the IN.! and OUT.! symbols. 


setting your Input Signal to a Constant 
Logic Level 
There are two methods which you can use to set your input 
signals to a constant logic level: 


Method 1. Label your input nodes using the VDD and GND 
labels (see Figure 5). 


Method 2. Use the PWR.l 
and GND.I 
symbols from the oro 


library (see Figure 6). 


'":::'L 
g-:-~-::: 


••••••::'bllngling Input Nodes 


ABEL ™ 
Source File 
OUT3,OUT4, INPUT 
pin; 


OUT3,OUT4 
istype 
'com'; 


Equations 


OUT3 
1 & INPUT; 
OUT4 
= 
0 # INPUT; 


Figure 6. Design Example using PWR.I 
and GND.l 


oro Symbols 


ABEL ™ 
Source File 


OUT2,OUTl, INPUT 
pin; 


OUT2,OUTl 
istype 
'com'; 


Equations 


OUT2 
INPUT 
# 0; 


OUTl 
= 
1 & INPUT; 


2. Do not use the IN.! and OUT.! symbols when using the VDD 
aod GND labels to create a constaotlogic 
level. ITyou use 


these input aod output symbols, then the external pins with 
labels "VDD" aod "GND" will be generated. 


Applying the D_LATCH.1 and IN_LATCH.1 
Symbols for the ATV5000 or ATV5100 
Device 
The D_LATCH.l 
symbol can be used in a design for latching 


internal or external signals. This symbol uses a D-type flip-flop 
with asynchronous 
preset and reset controls to emulate the latch 


function 
(the logic equations 
are specified 
in the functional 


library files; refer to 'The DIO and DSTD Symbols" section for 
more information). 
This symbol can be used as an output or 


buried latch. The data flows through when IT is HIGH. Once IT 
goes LOW, the data is latched (see Figure 7). 


The IN_LATCH. 1 symbol is only used for latching inputs in the 
ATV5000 or ATV5100 
design. Unlike the D_LATCH.l 
sym- 


bol, this symbol is implemented 
in the ATV5000 or ATV5100 


using a real latch circuitry 
in each 1/0 pin. The data flows 
through when C is LOW. and data is captured on the rising edge 
of the C signal (see Figure 8). 


What to Do wiW the Unused Pins of a 
DSTDSymbol 
For DSTD symbols consisting 
of combinatorial 
logic such as 
the DSTD 155 or DSTD 156, the unused pins can be left uncon- 
nected. The unused logic will be automatically 
removed from 


the ABELTMsource file as illustrated 
by Design Example 
1 in 


Figure 9. 


On the other hand, careful attention must be paid to the unused 
pins if the symbols have registered or latched logic. With sym- 
bols that have registered 
or latched logic, pins and nodes are 


ABEL ™ 
Source File 


OUT1,LCK1,DATA 
pin; 
OUT 
istype 
'buffer,reg_d'; 


Equations 


OUT.D 
= 1 
OUT.AP 
= 
(LCK1 & DATA); 
OUT.AR 
= 
(LCK1 & !DATA); 
OUT.C 
= 1; 


automatically assigned to the unused inputs and outputs respec- 
tively. With the limited numl)er of pins and nodes in the most 
devices, the assigned pins and noues may prevent your final 
design from fitting into the selected device. Design Example 2 
in Figure 
10 illustrates 
the problem 
in which three pins and 


nodes are unnecessarily created. 


In Design Example 2 (Figure 10), a total of three unnecessary 
pins were assigned and three unnecessary 
nodes generated. 


To eliminate all the unnecessary assigned pins, we recommend 
grounding 
the unused inputs. To reduce the unnecessary 
as- 


signed nodes to a single node, all the unused outputs of the sym- 
bol should be connected together to form a single node with an 
easily identifiable 
label such as NC or DUMMY. 
With these 


modifications 
implemented, 
instead 
of three pins and three 


nodes wasted as illustrated in Design Example 2, the efficiency 
of your design improved with: 


• 
no additional pins generated, and 


• 
only one additional node created. Usually this single node 
would not inhibit the design from filling into the selected 
7 


device. But if it does, then it can be manually deleted off the 
ABEL ™ source file. 


In Design Example 
3 (Figure 
ll), 
only one node (i.e., node 


NC 1) was created and no additional input pins assigned. 


Note: 
1. This restriction for the unused pins of the DSTD symbols will 


be eliminated in the future versions of the Atmel- ViewPLD 
development tool. 


ABEL ™ 
Source File 


OUT,LCK1,DATA 
pin; 
OUT 
istype 
'buffer,reg_d'; 


Equations 


OUT.D 
= DATA; 
OUT.LE 
= LCK1; 


Figure 
9. 
Design Example 
I, A DSTD Symbol with Com- 


binatorial Logic in which the unused pins are left unconnected. 


AliiiI[ 


Figure 
10. 
Design 
Example 
2, 
A DSTD 
Symbol 
with 
Registered 
Logic in which the unused 
pins are left uncon- 
nected generated. 


74157 
74174 


C 
~ 
01 
10 
10 
01 
-5 
5 
02 
20 
20 
02 
A1 
1A 
1Y 
Y1 
03 
30 
30 
03 
B1 
1B 
40 
40 
A2 
2A 
2Y 
Y2 
50 
50 
B2 
2B 
60 
60 
3A 
3Y 
3B 
ClK CIR 
4A 
4Y 
ClK 
4B 
_ClR 


ABEL ™ 
Source File 


_C,Y2,Y1,5,B2,B1,A2,A1 
pin 


Y1 
istype 
'com' ; 
Y2 
istype 
'com' ; 


Equations 


Y1 
!((!(A1 
& 
!5) 
& 
!(B1 
& 
5») 
# _C); 
Y2 = 
!(! 
(A2 
& 
!5) 
& 
!(B2 
& 
5») 
# _C); 


ABEL ™ 
Source File 
510,57,S4 
pin 
·Unused 
inputs 


53,56,59 
node; 
·Unused 
outputs 


_CLR, 
Q3, 
Q2, 
Q1, 
03, 
02, 
01, 
CLK 
pin 


59,56,53 
istype 
'buffer, 
reg, 
reg_d'; 


Q3,Q2,Q1 
istype 
'buffer, 
reg, 
reg_d'; 


Equations 


·Unnecessary 
logic 
equations 


59.d 
= 510; 
59.ar 
= 
(!(_CLR) ) 
S9.c 
= CLK 
; 


S6.d 
= 57; 
S6.ar 
= 
(!(_CLR) 


56.c = CLK 
; 
53.d 
= 54; 


53.ar 
= 
(!(_CLR)) 
53.c 
= CLK 
; 


"Actual 
logic 
equations 
in use 


Q2.d 
= 02; 


Q2.ar 
= 
(!(_CLR) ) 
Q2.c 
= CLK 
; 
Q3.d 
= 03; 
Q3.ar 
= 
(!(_CLR) 
Q3.c 
= CLK 
; 
Ql.d 
= 01; 


Q1.ar 
= 
(! (_CLR) ) 
Ql.c 
= CLK 
; 


Figure 
11. 
Design 
Example 
3, A DSTD 
Symbol 
with 
Registered Logic (same as in Design Example 2), but with the 
unused inputs grounded and unused outputs connected together 
to form a single node. 


01 
10 
10 
01 
02 
20 
20 
02 
03 
3D 
30 
03 
40 
40 
50 
50 
NCI 
60 
60 
ClK m 
- 


ABEL ™ 
Source File 


NCl. node 
; "Unused 
node 


_CLR,Q3,Q2,Ql,D3,D2,Dl,CLK 
pin 


NCl 
istype 
'buffer, 
reg, 
reg_d'; 
Q2 
istype 
'buffer, 
reg, 
reg_d'; 


Q3 
istype 
'buffer, 
reg, 
reg_d'; 
Ql 
istype 
'buffer, 
reg, 
reg_d'; 


Equations 


"Unused 
logic 
equations 


NCl.d 
= 
0; 


NCl.ar 
= 
(I (_CLR» 
; 
NCl.c 
= CLK 
; 


"Actual 
logic 
equations 
in use 


Q2.d 
= D2; 
Q2.ar 
= 
(I (_CLR) ) 


Q2.c 
= CLK 
; 
Q3.d 
= D3; 
Q3.ar 
= 
(I(_CLR» 


Q3.c 
= CLK 
; 
Ql.d 
= Dl; 


Ql.ar 
= 
(I (_CLR) ) 


Ql.c 
= CLK 
; 


Creating a Vlewdraw 
Schematic 
from an 


ABEL TM or a JEDEC File 
One of the valuable features of the Atmel- ViewPLD develop- 
ment tool is the ability to generate a Viewdraw schematic from 
an ABEL ™ or a JEDEC file. With this feature, you can use both 
the schematic 
capture and ABEL HDL design entries in the 
same design. In addition, old designs which consist of PLDs or 
TIL 
devices that are already in production 
can easily be in- 
tegrated into a single design so that it can be compiled to fit into 
a single PLD like the Atmel ATV5000 or ATV5100 device. 


The command for generating 
a Viewdraw 
schematic 
from an 
ABELTM or a JEDEC 
file is the "Window 
Open ViewPLD 
Model_Device 
Schematic" 
menu command. 
Once this com- 


mand is executed, the dialog box shown in Figure 12 will open. 
After selecting 
your options, 
click the middle 
button of the 
mouse to begin executing the command. 


Use the left button of the mouse to select the options or to enter 
the project name which is the ABELTM or JEDEC 
filename. 


Note that you must not enter the file extension (.ABL or lED) 
when entering the project name. 
• 


Figure 13 shows the process flow for generating 
a schematic 


from an ABEL ™ 
file or a JEDEC file. 


Enter the filename 
here, but do not enter 
the file extensions 
such as .ABL or .JED 


Simulating Your Design Using Worst-Case Timing Values 
After you have created a JEDEC file for your design, you can 
.TIM file (same fJlename as your design file but with exter.sion 
further verify your design by simulating 
your design using the 
.TIM). Note that the ASCII timing data in the .TIM fJle can be 
worst-case 
timing 
values 
of the selected 
device. 
Simulating 
modified by the users if the new timing data for a new speed 
your design using worst-case timing values provides significant 
version device is available from Atme!. 


benefits 
such as predicting 
the performance 
of your design, 
providing information 
on timing violations, and etc. 


Prior to creating a timing model, you must first run the menu 
command 
"Window 
Open ViewPLD 
Search_Tim Base." This 
command 
will extract the timing data of the selected device 
from the global timing database and store them locally in the 


After creating the local timing database, execute the "Window 
Open ViewPLD 
Model_Device 
Timing",Model" 
menu com- 
mand to open the JEDEC Modeller dialog box as shown in Fig- 
ure 14. Select your options and click the middle button of the 
mouse to start executing the command (see Figure 15). 


Timing 
Database 
.TIM IiIe 


Notes: 
1. Converts the JEDEC file to a timing model in VHDL format. 


The VHDL Analyzer is then executed to convert the VHDL 
model to a VLI model which can be read by Viewsim. 


2. Creates a symbol schematic of the modelled device, Le., only 
used pins will be generated. 
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Device 
Primitive 
Supported 
Description 


Basic Gates 


AND2 
All 
2-lnput AND Gate 


AND4 
All 
4-lnput AND Gate 


AND8 
All 
8-lnput AND Gate 


BUF 
All 
Buffer 


GND 
All 
Ground 


IN 
All 
Input Pin 


NAND2 
All 
2-lnput NAND Gate 


NAND4 
All 
4-lnput NAND Gate 


NAND8 
All 
8-lnput NAND Gate 


NOT 
All 
Inverter 


NOR2 
All 
2-lnput NOR Gate 


NOR4 
All 
4-lnput NOR Gate 


- 


NOR8 
All 
8-lnput NOR Gate 


OR2 
All 
2-lnput OR Gate 


OR4 
All 
4-lnput OR Gate 


OR8 
All 
8-lnput OR Gate 


OUT 
All 
Output Pin 


PWR 
All 
Power 


TRST 
All 
Tri-State Buffer, Output Enabled on High 
, 


TRIBUF 
- 
Viewlogic Built-in Primitive - DO NOT USE IN SCHEMATIC. 
Refer to Appendix A of the ViewsimlSD 
Reference Guide. 


XNOR2 
All 
Exclusive NOR Gate 


XOR2 
All 
Exclusive OR Gate 


Block 
(Sheet) 
Size 


ASHEET.1 
All 
8.5"X 
11" 


ASHEET.2 
All 
11" X 8.5" 


BSHEET 
All 
17" X 11" 


CSHEET.1 
All 
17" X 22" 


CSHEET.2 
All 
22" X 17" 


DSHEET 
All 
34" X 22" 


ESHEET.1 
All 
34" X 44" 


ESHEET.2 
All 
44" X34" 


Device 
Prlmhlve 
Supported 
Description 


Generic 
Device 
Symbol 
(For Design 
Parthlonlng) 


ANY 
20 
20-Pin Generic Device 


I 


ANY 
24 
24-Pin Generic Device 


ANY_28 
28-Pin Generic Device 


ANY_40 
40-Pin Generic Device 


ANY 
44 
44-Pin Generic Device 


ANY_58 
58-Pin Generic Device 


Latches 


ATV5000 
Standard 0 Latch with Data Flow-Through 
when G Input is High. 


DLATCH 
ATV51 00 
Data is latched when G goes LOW. 
This latch can be used as a buried latch. 


IN_LATCH 
ATV5000 
Input 0 Latch. The data flow-through 
occurs when the C input is LOW. Data is 


ATV51 00 
latched on the rising edge of C. 


RS Latch. In ATV750 and ATV2500 devices, the RS latch is emulated via two 
RSLATCH 
All 
cross-eoupled 
NAND gates. In the ATV5000 devices, a flip-flop with 


asynchronous 
preset and reset is used. 


RS_FF 
All 
RS Flip-Flop. A 0 flip-flop is used to emulate the RS flip-flop. 


Flip-flops 


OFF 
All 
o Flip-Flop with no Preset or Reset Function. Flip-flop is reset upon device 
power-up. 


DFFC 
All 
o Flip-Flop with Asynchronous 
Reset 


DFFP 
ATV5000 
o Flip-Flop with Asynchronous 
Preset 
ATV51 00 


DFFPC 
ATV5000 
o Flip-Flop with Asynchronous 
Preset and Reset 
ATV51 00 


DFFSP 
All 
o Flip-Flop with Synchronous 
Preset 


o Flip-Flop with Synchronous 
Preset and Ssynchronous 
Reset. In the ATV750 


DFFSPC 
All 
and ATV2500 devices, the synchronous 
preset is a global preset product term, 


i.e., a single product term presets a group of flip-flops. 
In the 
ATV5000/ATV51 00 devices, the preset term can be independently 
controlled. 


JKFF 
All 
JK Flip-Flop with no Preset or Reset 


JKFFC 
All 
JK Flip-Flop with Asynchronous 
Reset 


JKFFP 
ATV5000 
JK Flip-Flop with Asynchronous 
Preset 
ATV51 00 


JKFFPC 
ATV5000 
JK Flip-Flop with Asynchronous 
Preset and Reset 
ATV51 00 


JFFSP 
All 
JK Flip-Flop with Synchronous 
Preset 


AliiiiL 


• 


A1iiiI[ 


DevIce 


Primitive 
Supported 
Description 


JK Flip-Flop with Synchronous 
Preset and Asynchronous 
Reset. In the ATV750 


JKFFSPC 
All 
and ATV2500 devices, the synchronous 
preset is a global preset product term, 


i.e., a single product term presets a group of flip-flops. 
In the 
ATV50001 ATV51 00 devices, the preset term can be independently 
controlled. 


TFF 
All 
T Flip-Flop with no Preset or Reset 


TFFC 
All 
T Flip-Flop with Asynchronous 
Reset 
, 


TFFP 
ATV5000 
T Flip-Flop with Asynchronous 
Preset 
ATV51 00 


ATV5000 


I 


TFFPC 
ATV51 00 
T Flip-Flop with Asynchronous 
Preset and Reset 


TFFSP 
ATV750 
T Flip-Flop with Synchronous 
Preset 
ATV2500 


ATV750 
T Flip-Flop with Synchronous 
Preset and Asynchronous 
Reset. In the ATV750 
TFFSPC 
ATV2500 
and ATV2500 devices, the synchronous 
preset is a global preset product term, 


i.e., a single product term presets a group of flip-flops. 


UDFDL 
- 
Viewlogic Built-In Primitive - DO NOT USE IN SCHEMATIC 


~2 


~ 
NAND2 


~aN 


~D4 


~aN 


~2 


~-aN 


~ 


~,,",aN 


~~2 


AlmEL 


I 
PWR 


l-GND 


A ..~aN 


~ 


IN 
>-- 


- 
Atmel's 010 Primitives, Sheet 2 of 4 


ANY 
20 
ANY 
40 
ANY 
68 
ASHEET. 
1 
8.5 X 11" 


10 
00 
00 
11 
00 
01 
01 
ASHEET.2 
12 
01 
02 
02 
11 X 8.5" 
13 
02 
03 
03 


14 
03 
04 
04 
BSHEET. 
1 
15 
04 
0 
05 
05 
16 
05 
1 
06 
06 
17 X 11" 


17 
06 
2 
07 
07 
18 
07 
3 
08 
08 
CSHEET. 
1 


19 
4 
09 
09 
17 X 22" 
5 
010 
010 
6 
011 
011 
CSHEET.2 
7 
012 
012 
22 X 17" 
8 
013 
013 
9 
014 
014 
DSHEET. 
1 
10 
015 
0 
015 
11 
016 
1 
016 
34 X 22" 


12 
017 
2 
017 
ANY 
24 
13 
018 
3 
018 
ESHEET . 1 


019 
4 
019 
34 X 44" 


0 
020 
5 
020 


1 
00 
021 
6 
021 
ESHEET . 2 
2 
01 
022 
7 
022 
44 X 34" 


3 
02 
023 
8 
023 
4 
03 
9 
024 


5 
04 
10 
025 
6 
05 
ANY 
11 
026 


7 
06 
44 
12 
027 
8 
07 
13 
028 
9 
08 
00 
14 
029 
10 
09 
01 
15 
030 
11 
02 
031 
03 
032 
04 
033 
10 
05 
034 
11 
06 
035 
12 
07 
036 
13 
08 
037 


ANY 
14 
09 
038 
28 
I 5 
010 
039 
16 
011 
040 


10 
17 
012 
041 


11 
00 
18 
013 
042 


12 
01 
19 
014 
043 
13 
02 
110 
015 
044 
14 
03 
111 
016 
045 


15 
04 
112 
017 
046 


16 
05 
113 
018 
047 


I 7 
06 
019 


18 
07 
020 


19 
08 
021 
I 10 
09 
022 
I 11 
023 


go 
LATC: 
HOFF 
Q 
- 
CK 
G 


o 
OFFSP 


CK 


o 
OFFSPC 


CK 


AP 
R 
Q 
Q 
Q 
Q 


RS_FF 
0 
0 
0 


CK 
OFFC 
OFFPC 
IN_LATCH 
CK 
CK 
S 
C 


AR 
AR 


AP 
Q 
0 
OFFP 
CK 
• 


Atrnel's 010 Primitives, Sheet 4 of 4 


AP 
AP 
SP 
B 


Q fl 


J 
a 
J 
a 
T 
JKFF 
JKFFPC 
JKFFSPC 
TFFPC 
CK 
CK 
CK 
CK 
CK 
K 
K 
K 
AR 
AR 
AR 


SP 
SP 
Q 
Q 
J 
Q 
J 
a 
T 
T 
JKFFC 
JKFFSP 


TIFC 
TFFSP 
CK 
CK 


CK 
CK 


K 
K 
AR 


SP 
Q 
Q 
J 
Q 


T 
T 
JKFFP 


TIFP 
TFFSPC 
CK 


CK 
CK 


K 
AR 
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Device 


Component 
Supported 
Function 
Description 


DSTDOO 
All 
2-lnput NAND Gate 


I: 
, 


DSTD02 
All 
2-lnput NOR Gate 
- 


DSTD04 
All 
Inverter 


DSTD08 
All 
2-lnput AND Gate 


DSTD10 
All 
3-lnput NAND Gate 
\- 


DSTD107 
All 
JK Flip-Flop with Async. Clear 


DSTD109 
All 
JK Flip-Flop with Async. Preset and Clear 


DSTD11 
All 
3-lnput AND Gate 
, 


DSTD112 
ATV5000 
JK Flip-Flop (Negative-Edge 
Triggered) with Async. Preset and Clear 
ATV51 00 


DSTD113 
ATV5000 
JK Flip-Flop (Negative-Edge 
Triggered) with Async. Preset 
ATV51 00 


DSTD114 
ATV5000 
Dual JK Flip-Flops (Negative-Edge 
Triggered) with Async. Preset. Common 
ATV51 00 
Clear, and Common Clock 


DSTD125 
All 
Tri-State Buffer with LOW to OE 


DSTD126 
All 
Tri-State Buffer with HIGH to OE 


DSTD128 
All 
2-lnput NOR Gate 
p. 
. 


DSTD133 
All 
13-lnput NAND Gate 


DSTD134 
All 
12-lnput NAND Gate with LOW to OUtput Enable Tri-State 
Buffer 


DSTD135 
All 
Quad Exciusive-ORINOR 
Gates 


DSTD137 
ATV5000 
3-to-8 Line Decoder with Address Latches 
ATV51 00 


DSTD138 
All 
3-to-8 Line Decoder 
- 


DSTD139 
All 
2-to-4 Line Decoder 


DSTD140 
All 
4-lnput NAND Gate 


DSTD147 
All 
10-to-4 Line Priority Encoder 
- 
- 


DSTD148 
All 
8-to-3 Line Priority Encoder 


I 


DSTD150 
All 
1-of-16 Line Data Selector/Multiplexer 


DSTD151 
All 
1-of-8 Line Data Selector/Multiplexer 
with Compl. OUtput 


DSTD152 
All 
1-of-8 Line Data Selector/Multiplexer 


DSTD153 
All 
DuaI4-to-1 
Line Data Selector/Multiplexers 


DSTD154 
All 
4-to-16 Line Decoder 
" 


DSTD155 
All 
Dual 2-to-4 Line Decoders 


DSTD157 
All 
Quad 2-to-1 Line Data Selector/Multiplexers 


DSTD158 
All 
Quad 2-to-1 Line Data Selector/Multiplexers 
with Compl. OUtput 


Device 
Component 
supponed 
Function Description 
•. 


DSTD160 
All 
Sync. 4-Bit Decade Counter with Async. Clear 


DSTD161 
All 
Sync. 4-Bit Binary Counter with Async. Clear 


DSTD162 
All 
Sync. 4-Bit Decade Counter with Sync. Clear 


DSTD163 
All 
Sync. 4-Bit Binary Counter with Sync. Clear 


DSTD164 
ATV5000 
8-Bit SeriallniParallel 
Out Shift Register with Async. Clear 
ATV51 00 


DSTD165 
ATV5000 
8-Bit ParallellniSerial 
Out Shift Register with Compl. Outpu1 
ATV51 00 


DSTD168 
All 
Synchronous 
4-Bit Up/Down Decade Counter 


DSTD169 
All 
Synchronous 
4-Bit Up/Down Binary Counter 


DSTD174 
All 
Hex D Flip-Flops with Async. Clear 


DSTD175 
All 
Quad D Flip-Flops with Async. Clear and Compl. Output 


DSTD176 
ATV5000 
4-Bit Presetable Decade Counter 
ATV51 00 


DSTD177 
ATV5000 
4-Bit Presetable Binary Counter 
ATV51 00 


DSTD180 
All 
9-Bit Parity Generator/Checker 
'" 


" 


DSTD181 
ATV5000 
Arithmetic Logic Unit/Function Generator 
ATV51 00 


DSTD182 
All 
Look-Ahead 
Carry Generator 
I', 
I 


DSTD183 
All 
Carry-Save 
Full Address 


DSTD190 
ATV5000 
Sync. 4-Bit Up/Down Decade Counter with Mode Control 
ATV51 00 


ATV5000 


., 


DSTD191 
ATV51 00 
Synchronous 
4-Bit Up/Down Binary Cou nter with Mode Control 


DSTD192 
ATV5000 
Synchronous 
4-Bit Up/Down Decade Counter with Dual Clock 
ATV51 00 


DSTD194 
All 
4-Bit Bidirectional 
Universal Shift Register 


DSTD196 
ATV5000 
4-Bit Presettable Decade Counter 
ATV51 00 
- 


DSTD197 
ATV5000 
4-Bit Presettable Binary Counter 
ATV51 00 


DSTD198 
All 
8-Bit Bidirectional 
Universal Shift Register 


DSTD20 
All 
4-lnput NAND Gate 
, 


DSTD21 
All 
4-lnput AND Gate 


DSTD226 
ATV5000 
4-Bit Parallel Latched Bus Tranceivers 
ATV51 00 
" 


• 
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Device 
Component 
supponed 
Function Description 
- 
" 


DSTD23 
All 
Dual 4-lnput NOR Gates with Strobe 
, 


DSTD237 
All 
3-to-8 Line Decoder with Address Latches 
~ 


DSTD240 
All 
Quad Tri-State Inverting Buffers 


r 
.J. 
- 


DSTD241 
All 
OCtal Tri-State Buffers 


Quad Tri-State Inverting Bus Transceivers 


. 


DSTD242 
All 
I 
, 


DSTD243 
All 
Quad Tri-State Bus Transceivers 
, 
.~ 


DSTD244 
All 
OCtal Tri-State Buffers 


DSTD245 
All 
OCtal Tri-State Bus Transceivers 
. 
- ,I 


DSTD25 
All 
4-lnput NOR Gate with Strobe 
, 


DSTD251 
All 
Tri-State 1010-8Line Data Selector/Multiplexer 
with Compl. OUtpu1 


DSTD253 
All 
Dual Tri-State 1-to-4 Multiplexers 
, 


DSTD257 
All 
Quad Tri-State 2-to-1 Multiplexers 
. 


DSTD258 
All 
Quad Tri-State 2-to-1 Inverting Multiplexers 
. 
• 


DSTD260 
All 
5-lnpu1 NOR Gate 


.,., 
~ 
, 


DSTD27 
All 
3-lnput NOR Gate 


¥ 


• 


DSTD273 
All 
OCtal D Flip-Flops with Clear and Buffer Outputs, 
, 
:, 


DSTD279 
All 
Dual SR Latches 


DSTD28 
All 
2-lnput NOR Buffer 


I 


DSTD280 
All 
9-Bit Odd/Even Parity Generators/Checkers 


DSTD283 
All 
4-Bit Binary Full Adders with Fast Carry 
"'. 
.. 


DSTD290 
All 
Decade Counter 
, 


DSTD293 
All 
4-Bit Binary Counter 


J 


DSTD295 
All 
'. 
4-Bit RightlLeft Shift Registers with Tri-State Outputs 


DSTD298 
All 
Quad 2-lnput Multiplexers with Storage 
- 


DSTD299 
All 
8-Bit Universal ShiIVStorage Registers 


DSTD30 
All 
8-lnput NAND Gate 
.- 
, 


DSTD31 
All 
Delay Elements 
. 
• 
I 
. 
I 
.- '.-,,- 


DSTD32 
All 
2-lnpul OR Gate 


DSTD323 
All 
8-Bit Universal ShiIVStorage Registers 
- 


DSTD348 
All 
8-to-3 Line Priority Encoders with Tri-State Outputs 
.. 
, 


DSTD353 
All 
DuaI4-to-1 
Line Data Selectors/Multiplexers 
with Tri-State Outputs 


DSTD354 
ATV5000 
8-to-1 Multiplexer/Register 
(Transparent) 
ATV51 00 
- 


.'. 
0 


Device 
Component 
Supported 
Function Description 


DSTD356 
All 
8-to-l 
Multiplexer/Register 
(Edge-Triggered) 


DSTD365 
All 
Hex Bus Drivers with Tn-State Outputs 


DSTD366 
All 
Hex Inverting Bus Drivers with Tn-State Outputs 


DSTD367 
All 
Hex Bus Drivers with Tri-State Outputs with Two Tri-State Controls 


DSTD368 
All 
Hex Inverting Bus Drivers with Tri-State Outputs with Two Tri-State 
Controls 


DSTD37 
All 
2-lnput NAND Buffers 


DSTD373 
ATV5000 
OCtal Transparent 0 Latches 
ATV51 00 


DSTD374 
All 
OCtal Edge-Triggered 0 Flip-Flops 


DSTD376 
All 
Quad JK Flip-Flops 


DSTD377 
All 
OCtal 0 Flip-Flops with Enable 


DSTD378 
All 
Hex 0 Flip-Flops with Enable 


DSTD379 
All 
Quad 0 Flip-Flops with Enable 


DSTD390 
All 
4-Bit Decade Counter 


DSTD393 
All 
4-Bit Binary Counter 


DSTD398 
All 
Quad 2-lnput Multiplexer with Storage 


DSTD399 
All 
Quad 2-lnput Multiplexer with Storage 


DSTD40 
All 
4-lnput NAND Buffers 


DSTD4002 
All 
4-lnput NOR Gate 


DSTD4016 
All 
Bilateral Switch 


DSTD4017 
All 
Decade Counter/Divider 


DSTD4020 
All 
14-Stage Ripple-Carry 
Binary Counter/Divider 


DSTD4024 
All 
7-Stage Ripple-Carry Binary Counter/Divider 


DSTD4040 
All 
12-Stage Ripple-Carry 
Binary Counter/Divider 


DSTD4049 
All 
Inverting Buffer 


DSTD4066 
All 
Bilateral Switch 
, 


DSTD4075 
All 
3-lnput OR Gate 


DSTD4078 
All 
8-lnput NOR Gate with CampI. Output 


DSTD42 
All 
BCD to Decimal Decoder 


DSTD4514 
ATV5000 
8-Bit Static Shift Register 
ATV51 00 


DSTD51 
All 
Dual 2-Wide 2-lnput AND-OR-INVERT 
Gates 


DSTD520 
All 
OCtal 8-Bit Identity Comparator 


" 


• 


Device 
Component 
supponed 
Function Description 
- 


DSTD521 
All 
OCtal 8-Bit Identity Comparator 
l~ 


DSTD533 
ATV5000 
OCtal Tri-State Inverting Transparent 
D Latches 
ATV51 00 
I 


DSTD534 
All 
OCtal Tri-State Inverting Edge-Triggered 
D Flip-flops 


DSTD538 
All 
3-to-8 Line Decoders with Tri-State Outputs 


DSTD54 
All 
4-Wide 2-lnput AND-OR-INVERT 
Gates 


DSTD540 
All 
OCtal Buffers with Tri-State Outputs 


DSTD541 
All 
OCtal Inverting Buffers with Tri-State Outputs 


I 


DSTD55 
All 
2-Wide 4-lnput AND-OR-INVERT 
Gates 


DSTD563 
ATV5000 
OCtal Tri-State Inverting Transparent 
D Latches 
ATV51 00 


DSTD564 
All 
OCtal Tri-State Inverting Edge-Triggered 
D Flip-Flops 
~ 


DSTD568 
All 
Synchronous 
4-Bit Up/Down Decade Counter with Tri-State Outputs 


DSTD569 
All 
Synchronous 
4-Bit Up/Down Binary Counter with Tri-State Outputs 


DSTD573 
ATV5000 
OCtal Tri-State Transparent 
D Latches 
ATV51 00 


DSTD574 
All 
OCtal Tri-State EdgJ-Triggered 
D Flip-Flops 


DSTD575 
All 
OCtal Tri-State Edge-Triggered 
D Flip-Flops with Sync. Clear 


DSTD576 
All 
OCtal Tri-State Inverting Edge-Triggered 
D Flip-Flops 


DSTD580 
ATV5000 
OCtal Tri-State Inverting Transparent 
D Latches 
ATV51 00 


DSTD623 
All 
OCtal Tri-State Bus Transceivers 


DSTD638 
All 
OCtal Inverting Bus Transceivers 
with Tri-State and Open-Collector 
Outputs 


DSTD64 
All 
4-2-3-2-lnput 
AND-OR-INVERT 
Gates 


DSTD640 
All 
OCtal Tri-State Inverting Bus Transceivers 


DSTD643 
All 
OCtal Tri-State True and Inverting Bus Transceivers 


DSTD645 
All 
OCtal Tri-State Bus Transceivers 


DSTD646 
All 
OCtal Bus Transceivers 
and Registers with AIiTri-State 
Outputs 


DSTD652 
All 
OCtal Bus Transceivers 
and Registers 


DSTD668 
All 
Synchronous 
4-Bit Up/Down Decade Counters 


DSTD669 
All 
Synchronous 
4-Bit Up/Down Binary Counters 
. 


DSTD670 
ATV5000 
4-by-4 Register Files with Tri-State Outputs 
ATV51 00 
'. 


DSTD677 
All 
16-to-4 Bit Address Comparator with Enable 


DSTD684 
All 
8-Bit Magnitude/Identity 
Comparator 


Device 
Component 
Supported 
Function Description 
';,. 


DSTD688 
All 
8-Bit Identity Comparator 


DSTD70 
ATV5000 
AND-Gated 
Edge-Triggered 
JK Flip-Flop with Async. Preset and Clear 
ATV51 00 


DSTD73 
ATV5000 
JK Flip-Flop with Async. Clear 
ATV51 00 


DSTD74 
ATV5000 
D Flip-Flop (Edge-Triggered) 
with Async. Preset and Clear 
ATV51 00 


DSTD75 
ATV5000 
4-Bit Bistable Latches 
ATV51 00 


DSTD76 
ATV5000 
JK Flip-Flop with Async. Preset and Clear 
ATV51 00 


DSTD77 
ATV5000 
Dual Transparent 
D Latches 
ATV51 00 


DSTD78 
ATV5000 
Dual JK Flip-Flops (Edge-Triggered) 
with Async. Preset. Common 
Clear, and 
ATV51 00 
Common Clock 


DSTD80 
All 
Gated Full Adders 


DSTD804 
All 
2-lnput NAND Line Driver 


DSTD805 
All 
2-lnput NOR Line Driver 


DSTD808 
All 
2-lnput AND Line Driver 


DSTD82 
All 
2-Bit Binary Full Adders 


DSTD83 
All 
4-Bit Binary Full Adders with Fast Carry 


DSTD832 
All 
2-lnput OR Line Driver 


DSTD85 
All 
4-Bit Magnitude Comparators 


DSTD857 
All 
Hex 2-to-1 Universal Multiplexers 


DSTD86 
All 
2-lnput Exclusive-OR 
Gate 


DSTD867 
All 
Synchronous 
8-Bit Up/Down Counter with Async. Clear 


DSTD869 
All 
Synchronous 
8-Bit Up/Down Counter with Sync. Clear 


DSTD874 
All 
4-Bit Edge-Triggered 
D Flip-Flop 


DSTD878 
All 
4-Bit Edge-Triggered 
D Flip-Flop with Tri-State Outputs 


DSTD882 
All 
32-Bit Look-Ahead Carry Generators 


DSTD90 
All 
Decade Counter 


DSTD91 
All 
8-Bit Shift Registers 


DSTD92 
All 
Divide-by-12 Counter 


DSTD93 
All 
4-Bit Binary Counter 


DSTD94 
ATV5000 
4-Bit Shift Registers 
ATV51 00 


• 


Device 
Component 
Supported 
Function Description 


DSTD96 
ATV5000 
5-Bit Shift Registers 
ATV51 00 


DSTDK 
All 
2-lnput NAND Gate 


DSTDK2 
All 
2-lnput NOR Gate 


DSTDK4 
All 
Inverter 


DSTDK8 
All 
2-lnput AND Gate 


DSTD34 
All 
Buffer 


DSTDK34 
All 
Buffer 


Term 
Async. 
Sync. 
Compl. 


Description 
Asynchronous 
Synchronous 
Complementary 


ATH3000 
Application 
Example: 


Registered 
Bus Multiplexer 


Introduction 
This 
application 
note 
shows 
how 
an 


ATH3000 programmable 
logic device can 


be used to implement a simple, high-speed 
16-bit bus multiplexer. 
It provides an ex- 
ample of how a bus multiplexer 
can be 
created and how to use the ATH3000. In- 
cluded are a description 
of the bus multi- 
plexer function, the implementation 
using 


an ATH3000, and the ABELTMsource code 
which was created for this application. 


In 
a 
typical 
CPU 
system, 
multiple 
peripheral 
devices, 
such as floppy disks, 
keyboard or CRT controllers, printer inter- 
faces, and D/A or AID converters, 
are in- 
terfaced 
to the CPU. A bus multiplexer 
provides 
a bi-directional 
interface 
be- 
tween 
a 
CPU 
system 
data 
bus 
and 


peripheral 
device data buses. In this ex- 
ample, two peripheral 
device data buses 
can be interfaced 
to the CPU data bus. 
Data can be read from either one of the 
peripheral device buses onto the CPU bus, 
or written from the CPU bus to one of the 
two peripheral 
device buses. The control 


signals which are used by the CPU to per- 
form a data 
transfer 
are 
decoded 
and 


used to determine 
which 
peripheral 
is 


being accessed and whether it is a read or 
write operation. 


The ATH3000 
is the smallest member of 


the 
Atmel 
H-Series 
high 
throughput 
programmable 
logic devices. It is a 68-pin 


device which features 
56 I/O logic cells. 
The architecture 
is simple 
and regular, 
providing 
predictable, 
high-speed 
perfor- 


mance. 
This application 
requires 
a high 


I/O count and fast timing so that the bus 
transfers are not hindered by the PLD per- 
formance. The ATH3000 offers both. 


Bus Multiplexer 
Description 
The bus multiplexer provides an interface 
between 
a CPU 
system 
data 
bus 
mid 
peripheral 
device data buses. This inter- 
face simplifies 
the timing 
between 
the 
buses and allows the CPU to read data 
from 
or to write 
data 
to the 
various 
peripherals, 
without 
requiring 
those 
devices to be hooked directly to the CPU 
data 
bus. 
The 
bus 
multiplexer 
is 
transparent to the CPU. It decodes the con- 
trol signals 
which are generated 
by the 
CPU to perform a data transfer. 


Figure 
1 shows the basic block diagram 
for the bus multiplexer. This example in- 
terfaces three 16-bit buses. The Data I/O 
port is the interface 
to the CPU system 
data bus. Port A and Port B are interfaces 
for two different peripheral devices. The 
direction and port select are decoded from 
the CPU control signals which are used to 
perform a data transfer. This example uses 
five control 
signals: 
CS_ (chip select), 


RD_ 
(read), 
WR_ 
(write), 
AB_ 
(A/B 


select), and RST (reset). These signals are 
used to determine 
whether the bus multi- 
plexer is being addressed, and what type 
of transfer is requested. Table 1 shows the 
device functions. 


The 
CS_ 
signal 
is used 
to determine 
whether 
the control 
signals 
should 
be 
decoded 
by the multiplexer. 
If the chip 


select is not asserted, the data bus outputs 
are tri-stated, so the bus multiplexer 
will 
not interfere with other bus activity. Any 
read or write signals are also ignored if the 
chip select is not asserted. If both the RD_ 
and WR_ signals are high, the data bus 
outputs are also tri-stated. 


UV Erasable 
Programmable 
Logic Device 


Application 
Note 
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j--_ ••••••••• 
--------------------------_ 
•••••• -------------------------_ 
••• ---------------: 
! 
j 


PORT 
:> 
~ 
A 


C/) 
i 
DATA 
~ 
CD 


< 
BUS 
...J 
v 
BUFFER 
c(za: 
w 
~ 


A 
~ 
PORT 
A 
~) 


" 
V 
B 
" 
V 


CONTROL 
i 


: 


CS_ 
RD_ 
WR_ 
AB- 
RST 
Function 


1 
X 
X 
X 
X 
Data VO Port Tri-Stated 


0 
1 
1 
X 
0 
Data VO Port Tri-Stated 


0 
0 
1 
1 
0 
Read - Port A -t Data 1/0 Port 


0 
0 
1 
0 
0 
Read - Port B -t Data 1/0 Port 


0 
1 
0 
1 
0 
Write - Data 1/0 Port -t Port A 


0 
1 
0 
0 
0 
Write - Data 1/0 Port -t Port B 


0 
0 
0 
X 
X 
Not Allowed 


0 
X 
X 
X 
1 
Reset Registers. Disable Ports A and B for Read 


Bus Multiplexer Description (continued) 
Figure 2 shows the timing for a read operation. In a read mode. 
data is read from either Port A or Port B. selected by AB_. The 
outputs of the selected port are tri-stated. so that the peripheral 
devices may drive the bus. The data is input to the bus-multi- 
plexer and registered using the falling edge of RD_. The data is 
then available on the data bus until the rising edge of the read 
signal. 


Figure 3 shows the timing for a write operation. 
In a write 


mode. data is written to either Port A or Port B from the CPU 
data bus. The data bus is tri-stated and the port which is selected 
by AB_ is enabled. The data is input to the bus multiplexer and 


registered 
using the rising edge of WR_ signal. The data is 


available until the next write signal. The outputs of the port will 
remain enabled until RST is received. 


RST will reset all data registers and will disable the Port A and 
Port B outputs. preparing for the next write cycle. 


In this example. 
general-pwpose 
control 
signals are used to 


demonstrate 
the function. For interface to a specific CPU. the 


application could be tailored to decode the signals generated by 
that CPU. For example. an interface to an Intel 386™ processor 
could be designed by changing the bus multiplexer 
application 


to decode the W/R. DIC. MIlO. ADS. and READY signals. 
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ATH3000 Description 
The 
ATH3000 
is 68-pin 
high-speed 
programmable 
logic 


device. 
which features 
56 I/O pins and two input-only 
pins. 


Each I/O pin can be driven by a logic macrocell which has one 
flip-flop. six product tenns. a clock tenn. and an output enable 
tenn. 


The macrocells 
are divided into six regions - two regions with 


eight macrocells 
each. and four regions 
with ten macrocells 


each. The regions with eight macrocells have one universal I/O 
pin each. and the regions with ten macrocells have three univer- 
sal I/O pins each. An additional 
eight CABLE 
(Complement 


Array Buried Logic Extender) tenns are provided. which can be 
used for logic expansion or routing. 


A universal bus routes signals to all six regions. and a regional 
bus routes signals within each region. The universal bus con- 
tains the eight CABLE 
tenns. the true and false signals from 


universal I/O pins. and the true and false signals from the two 
input-only 
pins. The regional buses contain the true and false 


signals from the regional I/O pins in that region. 


In the bus multiplexer 
application. 
48 of the I/O pins are used 


for the three I6-bit buses. The two dedicated inputs and three of 
the universal I/O pins are used for the control signals. The in- 
dividual 
clock 
tenns 
allow 
each bus to be registered 
inde- 


pendently. The individual output enable tenns allow each bus to 
be bi-directional 
and independently 
enabled. 


Since bits on each bus are not swapped or reordered. each bit 
only needs to route to the same bit position on the other two 
buses. To take advantage of this. and simplify the universal and 
regional routing. the buses are bit-sliced across the six regions 
in the device. The regions 
with eight macrocells 
contain two 


bits from each of the three buses. and the regions with ten mac- 
rocells contain three bits for each of the buses. 


The only signals which need to be universally 
routed are the 


control signals. The dedicated 
input pins are used for the RD_ 


and WR_ signals. and three universal I/O pins are used for the 
CS_. AB_. and RST signals. Since they are universally routed. 
they can go on any of the universal I/O pins. 


,. 


Because of its simple and regular architecture. 
the ATH3000 


offers predictable. high-speed perfonnance. 
The application 
is 


designed 
to allow the CPU and peripherals 
to control 
the 


timing. Figures 2 and 3 show the maximum delays for read and 
write cycles. The ATH3000 will allow a read or write bus cycle 
rate of up to 40 MHz. 


ABEL 1M Source Code 
A listing of the ABEUM source code is included for reference. 
and the file is also available on floppy disk from Atmel. The 
ABELTMsource code is divided into three basic sections: decla- 
rations. equations. and test vectors. 


The declarations section includes a device type declaration and 
the pin and node number assignments. 
For the ATH3000. the 
device type is "H3000." The I/O signals are assigned to pins and 
declared as registered by using an "istype" statement. 
Also in- 
cluded in the declarations 
section are set declarations 
for the 


data buses. This allows a single equation to be written for the 
whole bus. instead of having the same equation written sixteen 
times for each of the individual signals. 


The equations section contains logic equations for the functions 
being implemented. Dot extensions are used to refer to the con- 
trol functions within the macrocells. For instance. ·'PORTA.oe" 
refers to the output enable for all signals in the PORTA bus. 
Fuse statements are only required 
for the beta version of the 


ATH3000 
ABEUM 
device support. 
since some of the con- 


figuration bits are not set automatically. 


The test vectors are used to simulate 
the device before it is 


programmed. 
The set of test vectors which was written for this 


application fITstperfonns a read cycle and then a write cycle. In 
the read cycle. data is read from Port A and then from Port B. In 
the write cycle. data is written to Port A and then to Port B. and 
then a reset is perfonned. 
The vectors are also written to the 


JEDEC file. so that functional testing can be perfonned 
on the 


device when it is programmed. 


module 
BUSMUX 
; 
title 
'Simple 
16-bit 
Bus 
Multiplexer 
- Oemo 
ATH3000 
ATMEL 
Corporation 
EPLO 
- Applications 
Hotline: 
(408)436-4333 
Wendey 
Mueller 
- May 
1, 
1992' 


RO_,WR_,CS_,AB_ 
RST 
00,01,02,03,04,05 
06,07,08,09,010,011 
012,013,014,015 
AO,A1,A2,A3,A4,A5 
A6,A7,A8,A9,A10,A11 
A12,A13,A14,A15 
BO,B1,B2,B3,B4,B5 
B6,B7,B8,B9,B10,B11 
B12,B13,B14,B15 
PORT_OE 


010 
PORTA 
PORTB 


[015 ..00]; 
[A15 ..AO]; 
[B15 ..BO]; 


pin 
1,35,61,2; 
pin 
53; 
pin 
5,6,7,8,9,12 
pin 
13,14,18,19,21,24 
pin 
25,26,29,30 
pin 
63,64,10,11,58,15 
pin 
17,52,22,23,46,28 
pin 
41,42,31,32 
pin 
65,66,59,60,62,55 
pin 
56,57,47,48,49,43 
pin 
44,45,39,40 
pin 
51 


istype 
istype 
istype 
istype 
istype 
istype 
istype 
istype 
istype 
istype 


, reg_dt buffer'; 
, reg_d, buffer' 
; 
, reg_d, buffer' 
i 
, reg_d,buffer'; 
'reg_d, buffer' ; 
, reg_d, buffer' 
; 
, reg_d,buffer'; 
, reg_d, 
buffer'; 
, reg_dt buffer' 
; 
, reg_d, buffer' 
; 


"Oata 
I/O 
Port 
(interface 
to 
CPU) 
"Port 
A 
(interface 
to 
peripheral) 
"Port 
B 
(interface 
to 
peripheral) 


PORT_OE.d 
PORT_OE.ck 
PORT_OE.ar 


1; 
!CS_ 
RST; 


"This 
is 
an 
example 
of 
a 
16-bit 
bidirectional 
bus 
multiplexer. 
"It 
could 
be 
used 
to 
interface 
a system 
data 
bus 
to 
two 
different 
"peripheral 
devices. 
Each 
of 
the 
16-bit 
ports 
is bidirectional. 
"The 
functional 
control 
is 
as 
follows: 


RO- WR- AB- CS 
RST 
FUNCTION 
----------------------------------------- 
X 
X 
X 
1 
0 
Oata 
I/O 
port 
3-state 
1 
1 
X 
0 
0 
Oata 
I/O 
port 
3-state 
0 
1 
1 
0 
0 
port 
A - Oata 
I/O 
port 
(read) 
0 
1 
0 
0 
0 
port 
B - Oata 
I/O 
port 
(read) 
1 
0 
1 
0 
0 
Oata 
I/O 
port - port 
A 
(write) 
1 
0 
0 
0 
0 
Oata 
I/O 
port - port 
B 
(write) 
X 
X 
X 
X 
1 
Reset 
regs, 
disable 
ports 
A and 
B 
for 
read 


n •••• 
*************************************************************. 


"This 
bit 
controls 
Port 
A 
and 
B output 
!WR_; 
"enables. 
Once 
write 
cycle 
is 
started, 
"ports 
will 
remain 
enabled 
until 
a RST 
is 
"received. 
RST 
is 
required 
before 
next 
read. 


OIO.d 
= 
(!RO- & 
AB- 
& 
PORTA) 
"OIO 
port 
data 
for 
read 
is 
selected 
# 
(!RO- & 
!AB 
& 
PORTB) ; "from 
either 
Port 
A or 
Port 
B 
OIO.oe 
!CS- & 
!RO-; 
"010 
port 
is 
tri-stated 
except 
during 
read 
OIO.ck 
!CS 
& 
!RO-; 
"clock 
Oata 
I/O 
port 
for 
read 
OIO.ar 
RST; 
"reset 
registers 
with 
RST 
signal 


PORTA.d 
= 010 
; 
PORTA.oe 
PORT_OE; 
PORTA.ck 
!CS_ & WR_ 
& AB_; 
PORTA.ar 
RST; 


"Port 
A 
data 
for 
write 
"output 
will 
remain 
enabled 
until 
reset 
"clock 
port 
A 
registers 
for 
write 
to 
A 
"reset 
registers 
with 
RST 
signal 
Alii[ 


• 


PORTB.d 
= 010 
; 
PORTB.oe 
PORT_OE; 
PORTB.ck 
!CS 
WR 
& 
!AB_; 
PORTB.ar 
RST; 


"Port 
B data 
for 
write 
"output 
will 
remain 
enabled 
until 
reset 
"clock 
port 
B 
registers 
for 
write 
to 
B 
"reset 
registers 
with 
RST 
signal 


"Fuses 
statements 
are 
only 
required 
for 
beta 
level 
version 
of 
the 
"H3000 software 
support. 


FUSES 
"These 
fuses 
select 
the 
feedback/input 
pin 
path 
" 
a 
means 
register 
feedback. 
" 1 means 
pin 
feedback/input 
pin. 


IIpin 
2, 
4, 
5, 
6, 
7, 
8, 
9, 
10 
[25923,25931,25939,25947,25955,25963,25971,25979) 
= 
[ 
1, 
1, 
1, 
1, 
1, 
1, 
1, 
1); 


"pin 
11, 
12, 
13, 
14, 
15, 
17, 
18, 
19 
[25987,25995,26003,26011,26019,26027,26035,26043] 
=11,1,1,1,1,1,1,1]; 


"pin 
21, 
22, 
23, 
24, 
25, 
26, 
27, 
28 
[26051,26059,26067,26075,26083,26091,26099,26107) 
= 
( 
1, 
1, 
1, 
1, 
1, 
1, 
1, 
1]; 


"pin 
29, 
30, 
31, 
32, 
36, 
38, 
39, 
40 


[26115,26123,26131,26139,26147,26155,26163,26171J 
=[ 
1,1,1,1,1,1,1,1); 


"pin 
41, 
42, 
43, 
44, 
45, 
46, 
47, 
48 
[26179,26187,26195,26203,26211,26219,26227,26235) 
= 
[ 
1, 
1, 
1, 
1, 
1, 
1, 
1, 
1J; 


"pin 
49, 
51, 
52, 
53, 
55, 
56, 
57, 
58 
[26243,26251,26259,26267,26275,26283,26291,26299] 
=[ 
1,1,1,1,1,1,1,1]; 


"pin 
59, 
60, 
61, 
62, 
63, 
64, 
65, 
66 
[26307,26315,26323,26331,26339,26347,26355,26363] 
=[ 
1,1,1,1,1,1,1,1]; 


FUSES 
"These 
fuses 
select 
the 
clock 
options. 


n 
0 
means 
use 
synchronous 
chip 
clock. 
" 1 means 
use 
asynchronous 
clock. 
"JLCC 
pinout 
"pin 
2, 
4, 
5, 
6, 
7, 
8, 
9, 
10 
[25926,25934,25942,25950,25958,25966,25974,25982) 
= 
[ 
1, 
1, 
1, 
1, 
1, 
1, 
1, 
1]; 


"pin 
11, 
12, 
13, 
14, 
15, 
17, 
18, 
19 
[25990,25998,26006,26014,26022,26030,26038,26046] 
=[ 
1,1,1,1,1,1,1,1); 


"pin 
21, 
22, 
23, 
24, 
25, 
26, 
27, 
28 
[26054,26062,26070,26078,26086,26094,26102,26110) 
= 
[ 
1, 
1, 
1, 
1, 
1, 
1, 
1, 
1]; 


"pin 
29, 
30, 
31, 
32, 
36, 
38, 
39, 
40 
[26118,26126,26134,26142,26150,26158,26166,26174] 
= 
[ 
1, 
1, 
1, 
1, 
1, 
1, 
1, 
1]; 


"pin 
41, 
42, 
43, 
44, 
45, 
46, 
47, 
48 
[26182,26190,26198,26206,26214,26222,26230,26238J 
=! 
1,1,1,1,1,1,1,1); 


"pin 
49, 
51, 
52, 
53, 
55, 
56, 
57, 
58 


[26246,26254,26262,26270,26278,26286,26294,26302J 


= 
[ 
1, 
1, 
1, 
1, 
1, 
1, 
1, 
1J; 


"pin 
59, 
60, 
61, 
62, 
63, 
64, 
65, 
66 


[26310,26318,26326,26334,26342,26350,26358,26366J 


= 
[ 
1, 
1, 
1, 
1, 
1, 
1, 
1, 
1J; 


@RAOIX 
16; 


TEST VECTORS 
( 
[RST,RO 
,WR ,AB_ ,CS ,PORTA,PORTB 
-> 
[010 
)); 


0, 
0, 
0, 
0, 
1, 
X, 
X 
-> 
[Z 
); 
"dio 
port 
disabled 


1, 
1, 
1, 
1, 
0, 
0000, 
0000 
-> 
[Z 
); 
"reset 


0, 
C, 
1, 
1, 
0, 
0000, 
0000 
-> 
[OOOOJ; 
"read 
from 
A port 


0, 
C, 
1, 
1, 
0, 
1111, 
0000 
-> 
[1111] ; "read 
from 
A port 


0, 
C, 
1, 
1, 
0, 
2222, 
0000 
-> 
[2222] ; "read 
from 
A port 


0, 
C, 
1, 
1, 
0, 
3333, 
0000 
-> 
[3333J; 
"read 
from 
A port 


0, 
C, 
1, 
0, 
0, 
0000, 
4444 
-> 
[4444J; "read 
from 
B port 


0, 
C, 
1, 
0, 
0, 
0000, 
5555 
-> 
[5555J; 
"read 
from 
B port 


0, 
C, 
1, 
0, 
0, 
0000, 
6666 
-> 
[6666J; 
11read 
from 
B port 


0, 
C, 
1, 
0, 
0, 
0000, 
7777 
-> 
[7777J; 
11read 
from 
B port 


0, 
1, 
1, 
0, 
0, 
0000, 
0000 
-> 
[Z 
J; "dio 
port 
disabled 


TEST VECTORS 
( 
[RST,RO 
,WR_,AB 
,CS ,010 
J -> 
[PORTA,PORTBJ) 


[ 
1, 
1, 
1, 
1, 
0, 
OOOOJ 
-> 
[Z, 
Z 
J; "reset 


[ 0, 
1, 
K, 
1, 
0, 
OOOOJ 
-> 
[0000, 0000 
); 
"write 
to A port 
[ 0, 
1, 
K, 
1, 
0, 
1111 ] -> 
[1111, 
0000 
J; "write 
to A port 


[ 
0, 
1, 
K, 
1, 
0, 
2222] 
-> 
[2222, 0000 
J; "write 
to A port 


[ 
0, 
1, 
K, 
1, 
0, 
3333J 
-> 
[3333, 0000 
J; "write 
to A port 


[ 
0, 
1, 
K, 
0, 
0, 
4444J 
-> 
[3333, 4444 
J; "write 
to 
B port 


[ 
0, 
1, 
K, 
0, 
0, 
5555J 
-> 
[3333, 5555 
]; 
"write 
to B port 


[ 
0, 
1, 
K, 
0, 
0, 
6666J 
-> 
[3333, 6666 
]; 
"write 
to 
B port 


[ 
0, 
1, 
K, 
0, 
0, 
7777J 
-> 
[3333, 7777 
]; 
"write 
to B port 


[ 
1, 
1, 
1, 
0, 
0, 
8888J 
-> 
[Z, 
z 
J; "reset 
• 
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ATV5000 
Application 
Example: 


DMA Controller 


Introduction 
This 
application 
note 
shows 
how 
the 
ATV5000 
complex 
programmable 
logic 
device can be used to implement 
a simple 
DMA Controller. 
It includes a description 
of the DMA controller 
function and the im- 
plementation 
using 
an 
ATV5000. 
The 
ABELTM source code is included for refer- 
ence. and is also available from the factory 
on floppy disk. 


A Direct Memory Access (DMA) control- 
ler is a peripheral device used in a CPU sys- 
tem to perform block data transfers between 
memories and I/O devices. It generates the 
addresses and control necessary to perform 


the transfer. The DMA controller improves 
system 
performance 
by transferring 
data 
directly between devices instead of using 
the CPU. 


The ATV5000 
is a high-density 
program- 
mable logic device. featuring 52 I/O logic 
cells and 128 flip-flops. This application takes 
advantage 
of the buried registers 
to store 
and increment or decrement 
the addresses 
and word count. The counters 
are easily 
implemented 
with minimal logic by using 
T-type registers. The high 00 count can easily 
accommodate 
the 16-bit bi-directional 
data 
and address buses. 
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DMA Controller Description 
The DMA controller is used to transfer blocks of data between 
system memory 
and other memory 
or I/O devices. Figure 
1 


shows the basic block diagmm for the DMA controller. The in- 
terface to the CPU consists of an address bus, a data bus, and 
some control signals. These signals are used by the CPU to load 
initialization 
data into the DMA controller registers. When the 


DMA controller is granted control of the buses, the same signals 
are used to transfer the data. This example uses i386™ type bus 
control signals. Figure 2 shows how this DMA controller would 
, be used in a CPU system. 


The transfer is initiated when the CPU loads the starting source 
and destination 
addresses, 
word count, and control word into 


the DMA controller 
registers. 
The external device asserts the 
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DMA request signal to request a DMA. The DMA controller 
then requests control of the system buses and control signals. 
When the CPU grants the bus request, the DMA controller ac- 
knowledges the DMA request and starts the DMA. 


The data is read in on the data bus and then latched and written 
back out. The source address or destination 
address is multi- 


plexed onto the address bus during the read cycle or write cycle. 
The system bus control signals are used by the DMA controller 
as control signals for the memory 
or I/O device. 
The DMA 


controller 
transfers 
the requested 
number 
of words and then 
relinquishes 
bus control. The DMA cycle timing is shown in 
Figure 3. 
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ATVSOOO Description 
The ATV5000 
is 68-pin 
high-density 
programmable 
logic 


device, which features 
52 I/O pins and eight input-only 
pins. 


Each I/O pin is associated with a logic macrocell (see Figures 4, 
5, and 6). Each macrocell has an input latch, two flip-flops, 13 
product terms which can be split into three separate sum terms, 
and an output enable term. The I/O pin can be driven with either 
a combinatorial 
or registered output 
Each flip-flop has a clock 


term, asynchronous 
reset term, and asynchronous 
preset term, 


and can be configured 
as either a D-type or T-type flip-flop. 


In addition, there are 24 buried logic cells (see Figure 7). Each 
bwied logic cell can be configured as registered or com binatorial. 


Figure 4. 
Logic Cell, Two Buried Registers, Combinatorial 
to I/O Cell 


Ifregislered, 
each flip-flop has a clock term, asynchronous 
reset 


term, and synchronous 
preset term, and can be configured as a 


D-type or T-type flip-flop. 


The ATV5000 is divided into four quadrants 
with 13 I/O mac- 


rocells 
and six buried 
logic 
cells 
each 
(see Figure 
8). A 


universal bus routes signals to all four quadrants, and a regional 
bus routes signals within each quadrant. 
The regional 
buses 


contain the true and false feedback signals from each register, 
from the buried logic cells, and from the eight input-only pins. 
The universal bus contains the regional bus inputs plus the true 
and false signals from each I/O pin. 


Figure 5. 
Logic Cell with Combinatorial 
Sum Terms, 
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DMA Controller Implementation 
The DMA controller 
consists of three basic functions: system 


interface, 
internal 
address 
and 
word 
counters, 
and a state 


machine controller. 


System Interface 
The system interface consists of a 16-bit bi-directional data bus, 
a 16-bit bi-directional 
address bus, bi-directional 
bus control 


signals, and handshaking 
signals to request bus control. 


The data and address 
buses are assigned 
to I/O pins in the 


ATV5000. When the CPU controls the system buses, the buses 
are used as inputs to receive initialization 
data. When the DMA 


controller 
controls 
the system 
buses, the buses are bi-direc- 


tional. The data bus is tri-stated while the source data is read and 
registered, and then enabled to write the data to the destination. 
The address bus outputs are enabled and multiplex the source or 
destination address onto the bus. 


The CLK and RST signals are the CPU system clock and reset 
signals. The CLK signal is used as the clock for all registers, so 
that all data transfers are synchronized 
to the system clock. The 


CS_ selects whether the DMA controller is being addressed for 
initialization. 
Both signals are assigned 
to input pins in the 


ATV5000, so that the signals are available on the regional buses 
in all quadrants. 


The MIlO and R/W signals are used to control the bus activity. 
For initialization, 
the R/W signal enables a write and the LSB 


bits of the address bus are decoded to select which register is to 
be accessed. 
During 
a DMA 
transfer, 
the MIlO selects the 


source or destination as an I/O device or a memory and the R/W 
signal selects either a read or write operation. Both signals are 
assigned to I/O pins in the ATV5000, 
since they are used as 


inputs during initialization 
and outputs during a DMA cycle. 


There are two sets of handshaking 
signals: the DMA request 


and acknowledge 
(DREQ and DACK), and the bus request and 


acknowledge 
(HOLD and HLDA). The DREQ and HLDA are 


assigned to input pins in the ATV5000. The HOLD and DACK 
signals are assigned to I/O pins in the ATV5000, since they are 
signals output by the controller. 


Address and Word Counters 
The address 
and word counters 
store the starting addresses, 
transfer 
word 
count, 
and 
command 
word. 
All use buried 


registers in the ATV5000, 
since the data does not need to be 


directly output. The registers are used as counters which load 
and then increment or decrement. The load and count functions 
are controlled by the bus control signals and the state machine. 


The registers are configured as T-type flip-flops, so that a min- 
imum number of product terms are required to implement the 
counter functions. 
Loading 
is accomplished 
by XORing 
the 


output of the register with the load data, causing the T flip-flop 
to toggle if the data does not match. 


The outputs of the address registers are multiplexed 
onto the 


address bus to provide source and destination addresses for the 
DMA transfer. 
After each transfer, 
the addresses 
are incre- 


mented and the word count is decremented. 
When the word 


count 
reaches 
zero, 
the DONE 
signal 
is sent to the state 


machine, indicating that the transfer is complete. 


The command word is decoded and used by the state machine 
to determine what type ofDMA 
will be performed. 
The data is 


only used by the state machine, 
so it can be stored in buried 


registers in the ATV 5000. The word consists of three bits: two 
bits which indicate 
whether 
the source 
and destination 
are 


memory or I/O devices, and a third bit which enables the DMA 
to start. After the DMA is complete, the enable bit is reset. 


State Machine 
A state machine provides all of the internal and external control 
7 


signals for the DMA transfers. It also performs the handshaking 
for bus access and DMA requests. 
Figure 
9 shows the state 


diagram for this machine. 


The state machine starts in a reset state where it waits for the 
CPU to initialize a DMA. The next three states perform 
the 


handshaking 
to request bus control and start the DMA. A two- 


state loop is used to transfer each word. The first state reads the 
source data and the second state writes the destination 
data. 


When the DONE bit indicates that the DMA is complete, 
the 


state machine 
branches 
back 
to the reset state to wait for 


another DMA request. 


The RST signal will reset the state machine and abort the DMA. 
Ifbus control is revoked (HLDA is de-asserted) 
during a DMA, 


the state machine relinquishes 
bus control, suspends the trans- 


fers, and then completes the DMA when bus control is granted 
again. If the DMA request is removed (DREQ is de-asserted) 
during a DMA, the DMA controller 
will terminate 
the DMA 


and wait for another request. 


The state 
bits can be assigned 
to buried 
registers 
in the 


ATV5000, 
since they are only used internally. 
The external 


control 
signals 
are assigned 
to registered 
I/O pins 
in the 


ATV5000. 
The internal control 
signals are also assigned 
to 


registered I/O pins so that they can be fed back universally 
in 


the ATV5000. 
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ATV5000 Resource Allocation 
The goal in allocating functions to the available resources in the 
ATV5000 is to group functions which interface each other into 
the same quadrant. 
This will minimize the number of signals 


which must be routed on the universal 
bus and minimize the 


number of universal product terms required for each logic func- 
tion. Within a quadrant, 
the I/O pins and associated 
logic are 


assigned first, and then any remaining buried resources can be 
assigned. 


In this application, 
the address and data bus interfaces and the 


address and word counters would ideally be located in the same 
quadrant. This would minimize 
the universal bus routing and 


allow the counters 
to use buried registers. Since there are not 


enough resources 
in each quadrant to fit that much logic, the 


functions must be divided into smaller pieces. Figure 10 shows 
how the logic for this application 
is divided and allocated into 


quadrants. 


The buses and counters are "bit-sliced" 
to create logic blocks 


which fit into each quadrant. The counters are divided by creat- 
ing stages with a look-ahead 
carry in between. The first quad- 


rant contains five bits of the data and address buses, five bits of 
each of the counters, 
and a carry bit from each counter. The 


second quadrant contains the next five-bit section and the third 
quadrant 
contains 
the last six-bit 
section. The carry bits are 


routed on the universal 
bus to the next quadrant. 
The state 


machine and command register are allocated to the fourth quad- 
rant. The internal control signals generated by the state machine 
are routed on the universal bus to all quadrants. 


Each of the counters 
would normally 
require three universal 


product terms for the load and count functions, since the control 
signals are universal. This would mean that each of the counters 
needs two sum terms in each logic cell. To avoid this, a regional 
load control signal was created in each quadrant for each of the 
counters, 
using the buried 
logic cells. Two of the counters 


universal product 
terms then become regional product terms, 
and the counters only require one sum term. 


Each bit of the address bus is assigned to a combinatorial 
I/O 


pin. Each of those logic cells has two buried registers available, 


A1iiiIL 


which are used for the address counters. 
The logic cell con- 
figuration is shown in Figure 4. Each bit of the data bus is as- 
signed to a registered 1/0 pin. Each of those logic cells has an 
additional buried register available, which is used for the word 
counter. 
The 
carry 
bits 
for 
the 
counters 
are 
assigned 
to 


registered 1/0 pins so they can be routed universally. 


The four state bits required seven, ten, four, and four product 
terms. In order to provide seven product terms, the first state bit 
was assigned 
to a registered 
1/0 pin and allocated 
two sum 


terms. The other available 
register 
in that logic cell was as- 
signed to one of the state bits which only required four product 
terms. The logic cell configuration 
is shown in Figure 5. The 


state bit which required ten product terms was assigned 
to a 


registered I/O pin and allocated all three sum terms. The control 
signals from the state machine (both internal and external) were 
assigned 
to registered 
I/O cells. The other available 
buried 


registers in those logic cells were assigned 
to the remaining 


state bit and the command register bits. 


This application 
uses five input pins, 49 1/0 pins and 86 flip- 


flops. There are three input pins left unassigned. 
Quadrants 
I 
7 


and 2 each have three buried registers and three buried logic 
cells left unassigned. 
Quadrant 
3 has one buried register and 


three buried logic cells left unassigned. 
Quadrant 
4 has three 


I/O logic cells, four buried registers, and six buried logic cells 
left unassigned. 


The equations and pin and node assignments 
used to implement 


the design are given in the ABELTMsource file at the end of this 
application note. 


Summary 
This example shows how the ATVSOOOcan be used to imple- 
ment a complex 
function. 
The DMA controller 
design uses 


many of the features of the ATV5000. It requires a few dedi- 
cated input pins and a large number of 1/0 pins. The internal 
counters and control can use the buried logic without sacrific- 
ing I/O pins. The design 
which is presented 
is a simplified 


DMA controller, and is meant to show the basic functions. The 
interface and timing can be tailored to a particular CPU system. 
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module 
DMAC 
; 
title 
'DMA Controller 
- Example 
for the ATV5000 


ATMEL 
corporation 
EPLD 
- 
(408)436-4333 
EPLD Applications 
Hotline 


Wendey 
Mueller 
- Sept. 
15, 
1992' 


CLK,CS_,RST 
HLDA,DREQ 
DO,D1, D2, D3 
D4, D5,D6, D7 
D8,D9,DI0, D11 
D12 ,D13 ,D14, D15 
AO,A1,A2,A3 
A4,A5,A6,A7 
AS,A9,AI0,A11 
A12, AD, A14, A15 
R_W,M_IO 
HOLD,DACK 


STO,ST1 
ST2,ST3 
EN,SM_IO, DM_IO 
DMA_EN,BUS_OE 
CNTEN, LATEN 
CNTO,CNT1,CNT2,CNT3 
CNT4,CNT5,CNT6,CNT7 
CNT8,CNT9,CNT10,CNT11 
CNT12,CNT13,CNT14,CNT15 
SAO,SA1,SA2,SA3 
SM,SA5,SA6,SA7 
SA8,SA9,SA10,SA11 
SA12,SA13,SA14,SA15 
DAO,DA1,DA2,DA3 
DM,DA5,DA6,DA7 
DA8,DA9,DA10,DA11 
DA12,DA13,DA14,DA15 
SCARRYl,SCARRY2 
DCARRYl,DCARRY2 
CCARRYl,CCARRY2 
DONE 
LDSRCl,LDSRC2,LDSRC3 
LDDST1,LDDST2,LDDST3 
LDCNT1,LDCNT2,LDCNT3 


pin 
1,2,32; 
pin 
34,35; 
pin 
4,5,6,7 
istype 
'reg_d,buffer'; 
pin 
8,18,19,21 
istype 
'reg_d,buffer'; 
pin 
22,23,38,39 
istype 
'reg_d,buffer'; 
pin 
40,41,42,43 
istype 
'reg_d,buffer'; 
pin 
9,10,11,12 
istype 
'com,buffer'; 
pin 
13,24,25,26 
istype 
'com,buffer'; 
pin 
27,28,44,45 
istype 
'com,buffer'; 
pin 
46,47,48,49 
istype 
'com,buffer'; 
pin 
55,56 
istype 
'reg_d,buffer'; 
pin 
57,58 
istype 
'reg_d,buffer'; 


pin 
52,53 
istype 
'reg_d,buffer'; 
node 
160,162 
istype 
'reg_d,buffer'; 
node 
163,164,165 
istype 
'reg_d,buffer'; 
pin 
59,60 
istype 
'reg_d,buffer'; 
pin 
61,62 
istype 
'reg_d, buffer' ; 
node 
121,122,123,124 
istype 
'reg_t,buffer'; 
node 
125,134,135,136 
istype 
'reg_t,buffer'; 


node 
137,138,147,148 
istype 
'reg_t,buffer'; 
node 
149,150,151,152 
istype 
'reg_t,buffer'; 
node 
766,767,768,769 
istype 
'reg_t,buffer'; 
node 
770,779,780,781 
istype 
'reg_t,buffer'; 
node 
782,783,793,794 
istype 
'reg_t,buffer'; 
node 
795,796,797,798 
istype 
'reg_t,buffer'; 
node 
126,127,128,129 
istype 
'reg_t,buffer'; 
node 
130,139,140,141 
istype 
'reg_t,buffer'; 
node 
142,143,153,154 
istype 
'reg_t,buffer'; 
node 
155,156,157,158 
istype 
'reg_t,buffer'; 
pin 
14,29 
istype 
'reg_d, buffer' ; 
pin 
15,30 
istype 
'reg_d,buffer'; 
pin 
17,31 
istype 
'reg_d,buffer'; 
pin 
51 istype 
'com,buffer'; 
node 
173,179,185 
istype 
'com,buffer'; 
node 
174,180,186 
istype 
'com,buffer'; 
node 
175,181,187 
istype 
'com,buffer'; 


DATABUS 
= 
[D15 ..DOJ; 
"data bus 


DATA 
[D4..DOJ; 
DATB 
= 
[D9..D5J; 
DATC 
DLSB 
[D7..DOJ; 


[A15 ..AOJ; 
[A7 •• AD]; 


WRDCNT 
= 
[CNT15 ..CNTO]; 
"word count 
CNTLSB 
= 
[CNT7 ..CNTO]; 
CNTA 
= 
[CNT4 ..CNTOJ; 
CNTB 
= 
[CNT9 ..CNT5]; 
CNTC 


SRCADR 
= 
[SA15 ..SAO J; 
"source 
address 


SRCA 
= 
[SA4 ..SAOJ; 
SRCB 
= 
[SA9 ..SA5J; 
SRCC 
= 
[SA15..SA10J; 


Alii[ 


• 


DSTADR 
[DA1S ..DAO}; 
"destination 
address 
DSTA 
= 
[DA4 ..DAO]; 
DSTB 
= 
[DA9 ..DAS]; 
DSTC 
DSTLSB 
= 
[DA7 ..DAO]; 


[ST3,ST2,ST1,STOJ; 
"state 
bits 


[CNTEN,LATEN,DMA_EN,BUS_OE,M_IO,R_W,DACK,HOLD); 
"state 
machine 
outputs 


so 
[0,0,0,0); 
Sl 
[O,O,O,lJ; 
S2 
[0,0,1,0]; 


S3 
[0,0,1,1]; 


S4 
[0,1, 0, 0] ; 


S5 
[0,1,0,1]; 


S6 
[0,1,1,0}; 
S7 
[0,1, 1, 1) ; 
S8 
[1,0,0,0); 
S9 
[1,0,0,1); 
S10 
[l,O,l,OJ; 


Sl1 
[1,0,1,1]; 


Command 
register 
Source 
address 
register 


Destination 
address 
register 


Word 
count 
register 


M 
IO.OE 
= 
DMA_EN; 
"M_IO 
and 
R_W 
are 
control 
outputs 
during 
DMA 


R_W.OE 
= 
DMA_EN; 


ADDR 
= 
(!BUS_OE 
& SRCADR.FB) 
# 
(BUS_OE 
& DSTADR.FB); 


ADDR.OE 
= 
DMA_EN; 


DATABUS.D 
= 
(DATABUS 
& LATEN) 


# 
(DATABUS.FB 
& 
!LATEN); 


DATABUS.CK 
!CLK; 


DATABUS.OE 
= 
BUS_OE; 


COMMAND.D 
= 
[02 ,01, DO} ; 
"load 
command 
register 


COMMAND.CK 
CLK 
& 
!CS- & 
R_W 
& 
!A1 
& 
!AO; 


COMMAND.AR 
= 
DONE; 


LDSRC1 
!CS- & 
R_W 
& 
!A1 
& 
AO; 
"create 
regional 
controls 
for 


LDSRC2 
!CS- & 
R_W 
& 
!A1 
& AO; 
"source 
address 
counter 
LDSRC3 
!CS- & 
R_W 
& 
!A1 
& AO; 


LDDST1 
!CS- & 
R_W 
& A1 
& 
!AO; 
"create 
regional 
controls 
for 


LDDST2 
!CS- & 
R_W 
& 
A1 
& 
!AO; 
"destination 
address 
counter 


LDDST3 
!CS- & 
R_W 
& 
A1 
& 
!AO; 


LDCNT1 
!CS- & 
R_W 
& A1 
& 
AO; 
·create 
regional 
load 
controls 
for 


LDCNT2 
!CS- & 
R_W 
& 
A1 
& 
AO; 
"word 
counter 


7·256 
CMOS EPLD 


"Source 
address 
counter 
- 16-bit 
up-counter 
wi 
parallel 
load 
3 stages 
with 
look-ahead 
carry 
in between 


SRCC.T 
«SRCC.FB 
+ 
1) 
$ 
SRCC.FB) 
& CNTEN 
& SCARRY2 
& SCARRY1 
# 
(DATC.FB 
$ 
SRCC.FB) 
& LDSRC3; 


SRCB.T 
«SRCB.FB 
+ 
1) 
$ 
SRCB.FB) 
& CNTEN 
& SCARRY 1 


# 
(DATB.FB 
$ 
SRCB.FB) 
& LDSRC2; 
SRCA.T 
«SRCA.FB 
+ 
1) 
$ 
SRCA.FB) 
& CNTEN 
# 
(DATA.FB 
$ 
SRCA.FB) 
& LDSRCI; 


SRCADR.CK 
CLK; 


·count 
"load 
·count 
"load 
·count 
"load 


SCARRYI.D 
(SRCA.FB 
== 
'hIE) 
& CNTEN 
'source 
address 
1st 
stage 
carry 
# SCARRYI.FB 
& 
ICNTEN; 
SCARRYI.CK 
= CLK; 


SCARRY2.D 
= 
(SRCB.FB 
== 
'hIF) 
& CNTEN 
"source 
address 
2nd 
stage 
carry 


# 
SCARRY2.FB 
& 
ICNTEN; 
SCARRY2.CK 
= CLK; 


"Destination 
address 
counter 
- 16-bit 
up-counter 
wi 
parallel 
load 


3 stages 
with 
look-ahead 
carry 
in between 


DSTC.T 
«DSTC.FB 
+ 
1) 
$ 
DSTC.FB) 
& CNTEN 
& DCARRY2 
& DCARRYI 


# 
(DATC.FB 
$ 
DSTC.FB) 
& LDDST3; 
DSTB.T 
«DSTB.FB 
+ 
1) 
$ 
DSTB.FB) 
& CNTEN 
& DCARRYI 
# 
(DATB.FB 
$ 
DSTB.FB) 
& LDDST2; 
DSTA.T 
«DSTA.FB 
+ 
1) 
$ 
DSTA.FB) 
& CNTEN 
# 
(DATA.FB 
$ 
DSTA.FB) 
& LDDSTI; 


DSTADR.CK 
CLK; 


·count 
"load 
·count 
"load 
"count 
"load 


DCARRY1.D 
(DSTA.FB 
== 
'hIE) 
& CNTEN 
"destination 
address 
1st 
stage 
carry 
# DCARRYI.FB 
& ICNTEN; 


DCARRY1.CK 
= CLK; 
DCARRY2.D 
= 
(DSTB.FB 
== 
'hIF) 
& CNTEN 
"destination 
address 
2nd 
stage 
carry 


# 
DCARRY2.FB 
& 
ICNTEN; 


DCARRY2.CK 
= CLK; 


"Word 
counter 
- 16-bit 
down-counter 
wi 
parallel 
load 


3-stages 
with 
look-ahead 
carry 
in between 


CNTC.T 
«CNTC.FB 
- 
1) 
$ CNTC.FB) 
& CNTEN 
& CCARRY2 
& CCARRYI 
# 
(DATC.FB 
$ 
CNTC.FB) 
& LDCNT3; 
CNTB.T 
«CNTB.FB 
- 1) 
$ 
CNTB.FB) 
& CNTEN 
& CCARRYI 
# 
(DATB.FB 
$ 
CNTB.FB) 
& LDCNT2; 


CNTA.T 
«CNTA.FB 
- 1) $ CNTA.FB) 
& CNTEN 
# 
(DATA.FB 
$ CNTA.FB) 
& LDCNTI; 
WRDCNT.CK 
CLK; 


CCARRY1.D 
(CNTA.FB 
== 
'hOI) 
& CNTEN 
"word 
count 
1st 
stage 
carry 


# CCARRYI.FB 
& 
ICNTEN; 
CCARRYI.CK 
= CLK; 


CCARRY2.D 
= 
(CNTB.FB 
== 
'hOD) 
& CNTEN 
'word 
count 
2nd 
stage 
carry 


# CCARRY2.FB 
& 
ICNTEN; 


CCARRY2.CK 
= CLK; 


·count 
"load 
"count 
"load 
·count 
"load 


STMACH.CK 
CLK; 
STDATA.CK 
CLK; 


• 


STATE 
so: 


IF 
(EN & 
!RST) 
THEN 


Sl 
WITH 
STDATA.D 


ELSE 
SO 
WITH 
STDATA.D 


STATE 
Sl: 
IF 
(!EN 
# 
RST) 
THEN 


SO 
WITH 
STDATA.D 


ELSE 
IF 
(DREQ) 
THEN 
S2 
WITH 
STDATA.D 


ELSE 
Sl 
WITH 
STDATA.D 


STATE 
S2: 
IF 
(!EN 
# RST) 
THEN 
SO 
WITH 
STDATA.D 


ELSE 
IF 
(!DREQ) 
THEN 


Sl 
WITH 
STDATA.D 


ELSE 
IF 
(HLDA) 
THEN 
S3 
WITH 
STDATA.D 
ELSE 
S2 
WITH 
STDATA.D 


'Reset, 
idle 
state 
'If 
DMA 
is 
enabled, 
go 
to 
state 
1 


[0,1,0,0,0,0,0,0); 
ENDWITH; 
-else, 
wait 
for enable 


[O,l,O,O,O,O,O,OJ; 
ENDWITH; 


'DMA 
enabled, 
wait 
for 
DMA 
request 
"If disabled 
or 
reset, 
return 
to 
state ° 
[O,l,O,O,O,O,O,OJ; 
ENDWITH; 
"If 
DMA 
requested, 
go 
to 
state 
2 


[O,l,O,O,O,O,O,lJ; 
ENDWITH; 


'else, 
wait 
for 
DMA 
request 


[O,l,O,O,O,O,O,OJ; 
ENDWITH; 


'DMA 
requested, 
issue 
bus 
request 
'If disabled 
or 
reset, 
return 
to 
state ° 


[0,1,0,0,0,0,0,0]; 
ENDWITH; 
'If 
DMA 
request 
was 
removed, 
return 
to 
state 
1 


[0,1,0,0,0,0,0,0]; 
ENDWITH; 
'If 
bus 
control 
granted, 
go 
to 
state 
3 
(0,1,0,0,0,0,1,1]; 
ENDWITH; 
'else, 
wait 
for 
bus 
control 


(°, L°,°,°,°,°, 1]; 
ENDWITH, 


STATE 
S3: 
'Bus 
granted, 
issue 
DMA 
acknowledge 
IF 
(!EN 
# RST) 
THEN 
'If disabled 
or 
reset, 
return 
to 
state ° 


SO 
WITH 
STDATA.D 
[0,1,0,0,0,0,0,0]; 
ENDWITH; 
ELSE 
IF 
(!DREQ) 
THEN 
'If 
DMA 
request 
was 
removed, 
return 
to 
state 


Sl 
WITH 
STDATA.D 
= 
[0,1,0,0,0,0,0,0]; 
ENDWITH; 


ELSE 
IF 
(!HLDA) 
THEN 
'If 
bus 
control 
was 
revoked, 
return 
to 
state 
2 
S2 
WITH 
STDATA.D 
= 
[0,1,0,0,0,0,0,1); 
ENDWITH, 


ELSE 
IF 
(SM_IO 
& 
!DM_IO) 
THEN 
'Start 
DMA: 
Memory 
- I/O 
Device 


S4 
WITH 
STDATA.D 
= 
(0,1,1,0,1,0,1,1); 
ENDWITH, 


ELSE 
IF 
(!SM_IO 
& DM_IO) 
THEN 
'Start 
DMA: 
I/O 
Device 
- Memory 


S6 
WITH 
STDATA.D 
= 
[0,1,1,0,0,0,1,1); 
ENDWITH; 


ELSE 
IF 
(SM_IO 
& DM_IO) 
THEN 
'Start 
DMA: 
Memory 
- Memory 


S8 
WITH 
STDATA.D 
= 
[0,1,1,0,1,0,1,1]; 
ENDWITH, 


ELSE 
IF 
(!SM_IO 
& 
!DM_IO) 
THEN 
"Start 
DMA: 
I/O 
Device 
- I/O 
Device 


S10 
WITH 
STDATA.D 
= 
[0,1,1,0,0,0,1,1), 
ENDWITH; 


STATE 
S4: 
IF 
(!DREQ 
# 
RST) 
THEN 
SO 
WITH 
STDATA.D 
ELSE 
S5 
WITH 
STDATA.D 


'DMA 
cycle, 
memory 
read 
'If 
DMA 
request 
removed 
or 
reset, 


(0,1,0,0,0,0,0,0), 
ENDWITH; 
-else, 
continue 
DMA 
transfer 
(1 ,°, 1 ,1 ,°, 1 ,L 1J; 
ENDWITH, 


STATE 
S5: 
'DMA 
cycle, 
I/O 
device 
write 


IF 
(!DREQ 
# RST 
# DONE) 
THEN 
'If 
DMA 
request 
removed, 
reset 
or 
done, 
'return 
to 
state ° 
[0,1,0,0,0,0,0,0], 
ENDWITH; 
'If bus 
control 
revoked, 
return 
to 
state 
2 
[0,1,0,0,0,0,0,1), 
ENDWITH, 


-else, 
continue 
DMA transfer 


(0,1,1,0,1,0,1,1); 
ENDWITH, 


SO 
WITH 
STDATA.D 
= 
ELSE 
IF 
(!HLDA) 
THEN 
S2 
WITH 
STDATA.D 
ELSE 
S4 
WITH 
STDATA.D 


STATE 
S6: 
IF 
(!DREQ 
# 
RST) 
THEN 
SO 
WITH 
STDATA.D 
ELSE 
S7 
WITH 
STDATA.D 


'DMA 
cycle, 
I/O 
device 
read 
"If 
DMA 
request 
removed 
or 
reset, 
[0,1,0,0,0,0,0,0), 
ENDWITH; 
'else, 
continue 
DMA 
transfer 
(L 0, 1, 1 ,1 ,L L 1 J, 
ENDWITH, 


"DMA cycle, 
memory 
write 
"If 
DMA 
request 
removed, 
reset 
or 
done, 
"return 
to 
state 
a 


[0,1,0,0,0,0,0,0}; 
ENDWITH; 
"If 
bus 
control 
revoked, 
return 
to 
state 
2 
[0,1,0,0,0,0,0,1); 
ENDWITH; 
"else, 
continue 
DMA 
transfer 
[O,l,l,O,O,O,l,lJ; 
ENDWITH; 


STATE 
S7: 
IF 
(!DREQ 
# RST 
# DONE) 
THEN 


SO 
WITH 
STDATA.D 
= 
ELSE 
IF 
(!HLDA) 
THEN 
S2 
WITH 
STDATA.D 
ELSE 


S6 
WITH 
STDATA.D 


STATE 
S8: 


IF 
(!DREQ 
# 
RST) 
THEN 
SO 
WITH 
STDATA.D 
ELSE 
S9 
WITH 
STDATA.D 


"DMA 
cycle, 
memory 
read 
"If 
DMA 
request 
removed 
or 
reset, 
return 
to 
state 
a 


[0,1,0,0,0,0,0,01; 
ENDWITH; 
"else, 
continue 
DMA 
transfer 


[1,0, 1, 1, 1, 1, 1, 11; 
ENDWITH; 


STATE 
S9: 
"DMA 
cycle, 
memory 
write 


IF 
(!DREQ 
# RST 
# DONE) 
THEN 
"If 
DMA 
request 
removed, 
reset 
or 
done, 
"return 
to 
state 
a 
[0,1, 0, 0, 0, 0, 0, OJ; 
ENDWITH; 


"If 
bus 
control 
revoked, 
return 
to 
state 
2 
[O,l,O,O,O,O,O,lJ; 
ENDWITH; 
"else, 
continue 
DMA transfer 
[0,1, 1, a ,1 ,0, 1, 1 J; 
ENDWITH; 


SO 
WITH 
STDATA.D 
= 
ELSE 
IF 
(!HLDA) 
THEN 


S2 
WITH 
STDATA.D 
ELSE 


S8 
WITH 
STDATA.D 


STATE 
S10: 
IF 
(!DREQ 
# RST) 
THEN 
SO 
WITH 
STDATA.D 
= 
ELSE 
Sll 
WITH 
STDATA.D 
= 


"DMA 
cycle, 
I/O 
device 
read 


"If 
DMA 
request 
removed 
or 
reset, 


[0,1,0,0,0,0,0,0}; 
ENDWITH; 
"else, 
continue 
DMA transfer 
[l,O,l,l,O,l,l,lJ; 
ENDWITH; 


"DMA cycle, 
I/O 
device 
write 
"If 
DMA 
request 
removed, 
reset 
or 
done, 
"return 
to 
state 
0 


[0,1, 0, 0, 0, 0, 0, OJ; 
ENDWITH; 
"If 
bus 
control 
revoked, 
return 
to 
state 
2 


[O,l,O,O,O,O,O,lJ; 
ENDWITH; 
"else, 
continue 
DMA 
transfer 
[0,1, 1, 0, 0, 0, 1, 1I; ENDWITH; 


STATE 
Sl1: 


IF 
(!DREQ 
# 
RST 
# 
DONE) 
THEN 


SO 
WITH 
STDATA.D 
= 


ELSE 
IF 
(!HLDA) 
THEN 
S2 
WITH 
STDATA.D 
= 
ELSE 


S10 
WITH 
STDATA.D 
= 


"This 
set 
of 
test 
vectors 
initializes 
the 
source 
address, 
destination 
address, 


"word 
count 
and 
command 
data. 


TEST_VECTORS 
( 
[CLK,RST,CS_,M_IO,R_W,ALSB,DLSBI 
- 
[SRCLSB,DSTLSB,CNTLSB,COMMANDJ) 
[1, 
0, 
1, 
0, 
1, 
0, 
a 
J 
- 
[0, 
0, 
0, 
OJ; 


[1, 
1, 
1, 
0, 
1, 
0, 
a 
J - 
[0, 
0, 
0, 
OJ; 


[K, 
0, 
0, 
0, 
1, 
1, 
OOA 
] - 
[OOA, 
0, 
0, 
OJ; 


[K, 
0, 
0, 
0, 
1, 
2, 
OBO 
J 
- 
[OOA, 
aBa, 
0, 
a 
J; 


[K, 
0, 
0, 
0, 
1, 
3, 
003 
J 
- 
[OOA, 
aBa, 
003, 
a 
I; 


[K, 
0, 
0, 
0, 
1, 
0, 
007 
1 - 
[OOA, 
aBa, 
003, 
7 
); 


TEST_VECTORS 
( 
[CLK,RST,CS_,ALSB,DLSB,DREQ,HLDAJ 
- 
[STMACH,STDATA,SRCLSB,DSTLSB,CNTLSB,DONE]) 
[ 1, 
a , 
1, 
a , 
a , 
0, 
a 
J - 
[1, 
X, 
OA, 
aBO , 
03 , 
a 
1; 
[ C, 
0, 
1, 
0, 
0, 
0, 
a 
J - 
[1, 
X, 
OA, 
aBa, 
03, 
OJ; 


[ C, 
0, 
1, 
0, 
0, 
1, 
a 
1 - 
[2, 
X, 
OA, 
aBa, 
03, 
a 
I; 


[ C, 
0, 
1, 
0, 
0, 
1, 
1 
1 - 
[3, 
X, 
OA, 
aBa, 
03, 
OJ; 
[ C, 
0, 
1, 
0, 
55, 
1, 
1 
1 - 
[8, 
06B, 
OA, 
aBa, 
03, 
a 
I; 


[ C, 
0, 
1, 
0, 
0, 
1, 
1 
J 
- 
[9, 
OBF, 
OA, 
OBO, 
03, 
0 
]; 
[ C, 
0, 
1, 
0, 
66, 
1, 
1 
J - 
[8, 
06B, 
OB, 
OB1, 
02, 
° 
J; 


Alii[ 


• 


AlmEL 


c, 
0, 
1- 
0, 
0, 
1, 
1 
J - 
[9, 
OBF, 
OB, 
OB1, 
02, 
a 
) ; 


C, 
0, 
1, 
0, 
77, 
1, 
1 
J - 
[8, 
06B, 
OC, 
OB2, 
01- 
a 
J; 


c, 
0, 
1- 
0, 
0, 
1, 
1 
J 
- 
[9, 
OBF, 
OC, 
OB2, 
01- 
a 
] ; 


C, 
0, 
1, 
0, 
0, 
1, 
1 
) 
- 
[8, 
06B, 
00, 
OB3, 
00, 
1 
J; 


c, 
0, 
1, 
0, 
0, 
1, 
1 
) 
- 
[9, 
OBF, 
00, 
OB3, 
00, 
1 
J; 


c, 
0, 
1- 
0, 
0, 
1- 
1 
J 
- 
[0, 
X, 
OE, 
OB4, 
OFF, 
a 
J; 


END 
; 


The output programmable 
polarity control 
in PLDs brings efficiency in logic reduction 
and control of output polarity 
to the cus- 
tomers. 
Unfortunately, 
it also brings con- 


fusion to customers who are not familiar with 
the software syntax 
to properly 
configure 


the output polarity. 


This 
application 
note 
shows 
the proper 
usage of the popular ABELTMand CUPLTM 
syntax to configure 
the output polarity of 
Atmel EPLDs. 


Configuring 
Polarity 
with 
Atmel-ABEL 
TM 4.x and 
ABEL™4.x 
The 
optimization 
level 
best 
suited 
for 


Atmel EPLDs is the default option - reduce 
by pin and auto polarity. 
This reduction 


level will take advantage 
of the polarity 


control 
when performing 
logic optimiza- 


tion one output at a time. This will override 
the ISTYPE 
'NEG' 
and ISTYPE 
'POS' 


used in ABELTM 3.x source flies (check the 
user manual on backward compatibility 
for 


detail). Therefore, the 'NEG' and 'POS' ex- 
tensions are not recommended. 


The following 
examples 
have A, B, and C 


defined as inputs and OUT or !OUT as the 
output: 


Case 1: (Combinatorial 
- no ISTYPE 
definition) 


Declaration 
OUT 
pin 
14; 


'assume 
14 
is an 
I/O 
pin 


equations 
OUT 
= A 
# B # c; 


In this case, the compiler will consider both 
Figure 1 (on-set) and Figure 2 (off-set) and 
automatically 
select the implementation 
re- 


quiring fewer product 
terms for the same 


function. 
The outcome 
is represented 
by 
Figure 2. Since Figures 
1 and 2 are each 
DeMorgan 
equivalent 
of the other, either 


one is logically correct. 


Case 2: (Combinatorial-ISTYPE 
'BUFFER') 
Declaration 
OUT 
pin 
14 ISTYPE 
'buffer'; 
'assume 
14 is an 
I/O pin 
equations 
OUT = A # B # C; 


In this case, the compiler will only consider 
the on-set because the ISTYPE 'BUFFER' 
overrides the automatic selection. The out- 
come is represented by Figure 1. 


Case 3a: (Combinatorial 
- ISTYPE 
'INVERT) 


Declaration 
OUT 
pin 
14 ISTYPE 
'invert'; 
'assume 
14 is an 
I/O pin 
equations 
OUT 
= A 
# B 
# c; 


In this case, the compiler will only consider 
Figure 
2 (off-set) 
because 
the 
ISTYPE 
'INVERT' overrides the automatic selection. 
The outcome is represented by Figure 2. 


Case 3b: (Combinatorial 
- no ISTYPE 
definition) 


Declaration 
lOUT pin 
14; 


'assume 
14 is an 
I/O pin 
equations 
OUT = A # B # c; 


The compiler would pick Figure 3 to imple- 
ment the logic because it takes fewer product 
terms. In ABELTMdocumentation, 
signals 
on the right side of the equation do not have 
"!" as part of their names. ABELTMpreproces- 
sor wiIl remove the "!" from the pin name 
on the right side of the equation and replace 
all references on the left side with an addi- 
tional "!". Logically, this does not change 
anything. It does, however, tend to create 
some confusion reading the .DOC flies. In 
the source file, the user should 
still use 
whatever pin name is given in the declara- 
tion section. All references to the pin or .FB 
feedbacks will be adjusted by the software 
to reflect the changes automaticalIy. 


UV Erasable 
Programmable 
Logic Device 


Application 
Note 
• 


Case 3c: (Combinatorial 
- ISTYPE 'INVERT') 


Declaration 
lOUT pin 
14 
ISTYPE 
'invert'; 
'assume 
14 
is an 
I/O pin 


equations 
OUT 
= A 
# B 
# c; 


The compiler would pick Figure 4 to implement the logic. 


For combinatorial 
equations, 
it is best to leave out the ISTYPE 


statement 
and let the optimizer 
choose 
the best DeMorgan 


equivalent implementation. 


Pin 
name 
(OUT) 


Pin name 
(OUT) 


Pin 
name 
(lOUT) 


Case 4: (Registered 
- no ISTYPE definition) Beware! 


Declaration 
OUT 
pin 
14; 
'assume 
14 
is an 
I/O pin 


equations 
OUT.d 
A 
# B 
# C; 
OUT.c 
= CLK; 
OUT.ar 
= AR1; 


The pre-processor 
will warn you for not specifying the ISTYPE 


of the output. 
In this case, the compiler 
will use the fewest 


product term implementation 
(Figure 6). This might not be what 


the user is expecting. (I) 


Nole: 
1. Figure 5 and Figure 6 do nol produce identical results. In Fig- 


ure 5, at power up or after a reset, the output pin appears to be 
a "0." Unlike Figure 5, Figure 6 powers up and resets to a"'" 
on the output. Presel and preload behave differently between 
Ihe two as well. In some applications where power-up state 
of a register is not important and it never resets or presets, 
Figures 5 and 6 become identical. Only in this case are they 
logically equivalent. When using a registered output, always 
specify the !STYPE desired. 


Pin 
name 
(lOUT) 


Case 5: (Registered - ISTYPE 'BUFFER') 


Declaration 
OUT 
pin 
14 ISTYPE 
'buffer'; 
'assume 
14 
is an 
I/O pin 


equations 
OUT.d 
A 
# B 
# C; 
OUT.c 
= CLK; 


OUT.ar 
= AR1; 


The compiler will only consider Figure 5 (on-set) because the 
ISTYPE 'BUFFER' 
overrides the automatic selection. 


Case 6: (Registered· 
ISTYPE 'INVERT) 
Be careful! 


Declaration 
OUT 
pin 
14 ISTYPE 
'invert'; 
'assume 
14 is an 
I/O pin 
equations 
OUT.d 
A # B # C; 


OUT.c 
= CLK; 


OUT.ar 
= ARl; 


The compiler will only consider Figure 6 (off-set) because the 
ISTYPE 'INVERT' overrides the automatic selection (see Note 1 
on Case 4). 


Case 7: (Registered 
- ISTYPE 'BUFFER') 
Confusing - 


don't use. 


Case 8: (Register~d - ISTYPE 'INVERr) 


Declaration 
lOUT pin 
14 
ISTYPE 
'invert'; 
"assume 
14 is an 
I/O pin 


equations 


OUT.d 
A * B * C; 
OUT.c 
= CLK; 


OUT.ar 
= AR1; 


The compiler will only consider Figure 8 (off-set) because the 
ISTYPE 
'INVERT' 
overrides 
the 
automatic 
selection. 
In 


ABELTM documentation, 
the pin name will be stripped of the 
"!". It will replace all pin name references with an additional"!" 
on the right-hand side of the equations. 


Declaration 
lOUT pin 
14 
ISTYPE 
'buffer'; 
"assume 
14 
is an 
I/O pin 
equations 


OUT.d 
A * B * C; 
OUT.c 
= CLK; 
OUT.ar 
= AR1; 


The compiler will only consider Figure 7 (on-set) because the 
ISTYPE 'BUFFER' 
overrides the automatic selection. 


AlIBI), 


Configuring 
Polarity with Internal Nodes 


Internal nodes do not have programmable 
polarity control. Do 


not use any ISTYPE extensions. 
Think of it as "positive logic" 


only. 


Case 1: (Figure 9) 


Declaration 
OUT 
node 
50; 
"assume 
50 
is an 
internal 
node 


equations 


OUT 
= A * B * C; 


Case 2: (Figure 10) 


Declaration 
OUT 
node 
50; 
"assume 
50 is an 
internal 
node 


equations 


OUT.d 
A * B * C; 
OUT.c 
= CLK; 
OUT.ar 
= ARl; 


The above 
example 
is the only 
legal method 
of assigning 
equations to nodes. 


ABC±±=ED~ 


4 
(OUT) 


node 
name 


ABC#tDjJJ 


(OUT) 
node 
name 


Configuring Polarity with CUPL TM 
Note that CUPLTM has no "buffer/invert" 
ISTYPE statement. 


Output polarity is controlled by pin declaration versus equation 
polarity. 


Case 1: (Combinatorial) 


PIN 
14 OUTC; 
/* assume 
14 is an 
I/O pin 
*/ 
OUTC 
= A 
# B 
# C; 


The compiler would choose Figure II. It does not choose the 
better DeMorgan 
equivalent 
automatically. 
If your equation 


does not fit, you should check to see if you can rewrite it as: 


PIN 
14 OUTC; 
IOUTC = 
IA & IB & IC; 


Case 2: (Combinatorial) 


PIN 
14 
IOUTe; 
/* assume 
14 is an I/O pin 
*/ 
OUTC 
= A 
# B # C; 


The compiler would choose Figure 12. The difference between 
the pin declaration 
(!OUTe) 
and the equation name (OUTe) 


tells the compiler to have an inverter on the output and to imple- 
ment the equations as specified by the equation. 


Case 3: (Registered) 


PIN 14 OUTC; 
/* assume 
14 is an 
I/O pin 
*/ 


OUTC.d 
= A 
# B 
# C; 
OUTC.ck 
= CLK; 


The compiler would choose Figure 13. The pin name and the 
equation name are identical; the compiler does not place an in- 
verter on the output. 


Case 4: (Registered) 


PIN 
14 
IOUTe; /* assume 
14 is an 
I/O pin 
*/ 


OUTC.d 
= A # 
B # 
C; 


OUTC.ck 
= CLK; 


The compiler would choose Figure 14. The difference between 
the pin declaration 
(!OUTC) and the equation 
name (OUTe) 


tells the compiler to have an inverter on the output and to imple- 
ment the equations as specified by the equation. CUPUM main- 
tains the IOUTe 
on the pinout 
diagram 
documentation 
and 
equation name OUTC in the reduced equation 
portion of the • 
documentation. 


Both ABELTM and CUPUM conventions 
for handling 
signal 
polarity have drawn praises and criticisms. Help on the software 
is readily available 
from Data I/O Corporation 
(ABELTM), 


Logical Devices, 
Incorporated 
(CUPUM), 
and Atmel. Don't 
hesitate to call for help. 


ABC 
~ 
-.:::J.. 
Pin name 
~(OUT) 


ABC 
~ 
-.:::J.. 
Pin name 
~(!OUT) 


Pin name 
(OUT) 


Pin name 
(!OUT) 
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PEROMs (Flash) 


EPROMs 


Gate Arrays 


Logic 
• 


Smart Card ICs 
II 


Mixed Signal 
• 


Microcontroller 
•• 


Packaging Services 
lEI 


Quality and Reliability 
• 


Military 
• 


Die Products 
• 


Standard Package Outlines 
• 


ATL Series 
4K-160K Gates 
ATL80 Series 
14K-580K Gates 
1.0-Micron CMOS Gate Array Series 
8-3 


O.8-Micron CMOS Gate Array Series 
8-15 


Gate Array Application Notes 
FPGAlEPLD to Gate Array Conversion 
8-27 
ASIC Design Translation 
8-35 


ATL series Macrocellindex 
1.0-Micron CMOS Cell Library Index 
8-43 


AlniEL 


• 
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Features 
• 
1.0 Il Drawn Gate Length High-performance 
CMOS Gate Arrays 


• 
All ATL Gate Arrays are Specified 
from 3.0 Volts to 5.5 Volts, for 


Standard 
and Low Voltage Applications 


• 
Design Translation 
of Existing 
ASIC Designs Provide for Easy 


Alternate 
Sourcing 
with Equivalent 
or Improved 
Performance 


• 
EPLD/FPGA Conversions 
to ATL Gate Array, Several EPLD and 


FPGA can be Combined 
Into a Single Gate Array. 


• 
ATL C Version, 
Fine Pad Pitch Gate Arrays are Ideal for High I/O, 


Low Gate Count Designs 
(Commercial, 
Industrial 
Only) 


• 
ATL Gate Arrays can be Supplied 
Compliant 
to MIL-STD-883 


w '. 
Improved 
Product 
Testability 
Using Serial Scan, Boundary 
SCan, 


~/ 
JTAG and Bullt-In-self-test 


Description 
The high-perfonnance ATL Series CMOS gate arrays employ 1.0 ll-draWn. double- 
level metal. Si-gate. CMOS technology processed in Atrnel's U.S.-based. advanced 
manufacturing facility. 
The arrays utilize an enhanced channelless architecture 


which results in greater than 50 percent usable gates. 


Atmel's flexible design system uses industry design standards and is compatible 
with popular CAD/CAE software and hardware packages. 
TIle customer can 


start designing with the ATL series today using existing CAD/CAE tools. 


A1IDE~ 


ATL 
Series 
Gate 
Arrays 


ATL4 
ATL10 
ATL20 
ATL40 
ATL60 
ATL75 
ATL100 
ATL130 
ATL160 


ATL7C 
ATL10C 
ATL15C 
ATL20C 
ATL35C 
ATL55C 
ATL75C 


• 


Alma 


Device 
Maximum 
Routable 
Max Pin 
Max 110(1) 
Gate(2) 


Number 
Gates 
Gates 
COUnt 
Pins 
Speed 


ATL4 
4,100 
2,600 
68 
60 
375 ps 


ATL10 
10,000 
6,500 
124 
116 
375 ps 


ATL20 
22,000 
12,000 
144 
136 
375ps 


ATL40 
40,000 
22,000 
. 
180 
168 
375 ps 


ATL60 
57,000 
30,000 
224 
208 
375 ps 


ATL75 
72,000 
38,000 
256 
236 
375 ps 


ATL100 
95,000 
50,000 
292 
262 
375 ps 


ATL130 
131,000 
67,000 
338 
308 
375 ps 


ATL160 
157,000 
80,000 
360 
320 
375 ps 


Device 
Maximum 
Routable 
Max Pin 
Max 110(1) 
Gate(2) 
Number 
Gates 
Gates 
COUnt 
Pins 
Speed 


ATL7C 
7,000 
4,000 
100 
92 
375 ps 


ATL10C 
10,000 
6,000 
120 
112 
375 ps 


ATL15C 
15,000 
8,000 
144 
136 
375 ps 


ATL20C 
22,000 
12,000 
160 
152 
375 ps 


ATL35C 
35,000 
18,000 
208 
192 
375 ps 


ATL55C 
55,000 
29,000 
256 
236 
375 ps 


ATL75C 
75,000 
39,000 
304 
280 
375 ps 


Notes: 
1. Absolute maximum va pins is maximum pin count minus 8. Additional power and ground pins are assumed to be 
required to support simultaneous switching outputs as pin count increases. 
2. Nominal 2 input nand gate with a fan out of 2 


All Design 


Design Systems Supported 
Atmel supports the major CAE/CAD software systems 
with complete macro cell libraries (symbols, timing and 
function), as well as utiliti~s for checking the nellist and 
accurate pre-route delay simulations. Atmel uses Cadence's 
Verilog-XL as our golden simulator. The following design 
systems are supported: 


Cadence 
Valid 
Viewlogic 
Synopsys 
Mentor 
Dazix 
Racal-Redac 


Design Flow 
While Atmel provides four options for implementing a gate 
array design, they all have the same flow. 
Data base 


acceptance is the first milestone. 
This is when Atmel 


receives 
and accepts 
the complete 
design 
data base. 


Preliminary design review is where the performance of the 
design is set based on the Cadence simulation. Final design 
review is the last review of the design before making masks. 
The back annotation data isincorporated into the simulations. 
After fmal design review masks are released and prototypes 
in ceramic packages are delivered. 


Gale Atrlrl 
Design 
Translalion 


Design Options 
SChematic capture 
Schematic capture and simulation are perfonned by the 
customer using an Atmel supplied macro cell library. The 
customer can also receive complete back annotation delay 
data for post-route simulation. 


VHDUVerliog-HDL 
Atmel can accept RegisterTransferlevel 
(RlL) designs for 


VHDL (MIL-STD-4S4. IEEE STD 1076) or Verilog-HDL 
fonnat. Atmel fully supports Synopsys for VHDL simula- 
tion as well as synthesis. 
Design via VHDL or Verilog- 


HDL is the preferred method of perfonning a gate array 
design. 


ASIC Design Translation 
Atmel has successfully translated dozens of existing de- 
signs from most major ASIC vendors (LSI Logic. Oki. 


Design 
Synlhellll 
·VHDL 


• 


NEC. Fujitsu and others) into our AlL series gate arrays. 
These designs have been optimized for speed. gate count. 
modified to add logic or memory. or replicated for a pin- 
for-pin compatible. drop-in replacement. 


FPGA and EPLD Conversions 
Atmel has successfully translated existing FPGA/EPLD 
designs from most major vendors (Xilinx. Aetel. Altera. 
AMD & Atmel) into our AlL 
series gate arrays. 
The 


design can be optimized for speed or power consumption. 
modified to add logic or memory orreplieated for a pin-for- 
pin compatible. drop-in replacement. 
Atmel frequently 


combines several devices onto a single gate array. 


ATL series cell Library 
Atmel's 
ATL series 
gate 
arrays 
use cells 
from 
an 


accurately modeled and highly flexible library. The cell 
library contains over 120 hard-wired data path elements 
and has been characterized via extensive SPICE modeling 
at the transistor level and verified through measurements 
made on fabricated test arrays. Owacterization 
has been 


1x Buffer 
2x Buffer 
2x Buffer with Enable 
2x Buffer with Enable Low 
3x Buffer 
4x Buffer 
8x Buffer 
12x Buffer 
16x Buffer 
Delay Buffer 2.0 ns 
Delay Buffer 3.5 ns 
Delay Buffer 8.0 ns 


AND, NAND, OR, NOR Gat •• 


2 input AND 
2 input AND with High Drive 
3 input AND 
3 input AND with High Drive 
4 input AND 
4 input AND with High Drive 
5 input AND 
2 input NAND 
Dual 2-input NAND 
2 input NAND with High Drive 
3 input NAND 
3 input NAND with High Drive 
4 input NAND 
4 input NAND with High Drive 
5 input NAND 
5 input NAND with High Drive 
6 input NAND 
6 input NAND with High Drive 
8 input NAND 
8 input NAND with High Drive 


performed 
over the military 
temperature 
and voltage 


ranges, to ensure that the simulation accurately predicts 
the performance 
of the finished 
product. 
Atmel is 
continually expanding the AlL series cell library with both 
soft 
and 
hard 
macros. 
Check 
with 
your 
sales 


representative for the most recent additions. 


1x Inverter 
Dual 1x Inverter 
Quad 1x Inverter 
Quad Tri-state Inverter 
2x Inverter 
Dual 2x Inverter 
2x Tri-state Inverter 
3x Inverter 
4x Inverter 
8x Inverter 
10x Inverter 


2 input NOR 
Dual 2 input NOR 
2 Input NOR with High Drive 
3 input NOR 
3 Input NOR with High Drive 
4 input NOR 
4 input NOR with High Drive 
5 input NOR 
8 Input NOR 
16 input NOR with High Drive 
2 input OR 
2 input OR with High Drive 
3 input OR 
3 Input OR with High Drive 
4 Input OR 
4 input OR with High Drive 


Multiplexers 


2:1 MUX 
4:1 MUX 


2:1 MUX with High Drive 
4:1 MUX w/o Buffered Inputs 


Inverting 2:1 MUX w/o Buffered Inputs 
4:1 MUX w/o Buffered Inputs, High Drive 
Inverting 2:1 MUX w/o Buffered Inputs, High Drive 
5:1 MUX with High Drive 


2:1 MUX with Enable Low 
8:1 MUX 


Quad 2:1 MUX with Enable 
8:1 MUX with Enable Low 


Quad 2:1 MUX 
8:1 MUX High Drive 


Inverting 3:1 MUX w/o Buffered Inputs 
Inverting 3:1 MUX w/o Buffered Inputs, High Drive 


,- 


AND/OR, 
ORlAND 
Gates 


3 input AND OR INVERT 
3 input OR AND INVERT 


3 input AND OR INVERT with High Drive 
3 input OR AND INVERT with High Drive 
4 input AND OR INVERT 
4 input OR AND INVERT 


4 input AND OR INVERT with High Drive 
4 input OR AND INVERT with High Drive 
6 input AND OR INVERT 
8 input OR AND INVERT 


6 input AND OR INVERT with High Drive 
4 input OR AND INVERT with 2 inputs to AND 


Exclusive 
OR/NOR Gates 


1 bit Adder 
2 input Exclusive OR with High Drive 
1 bit Adder with Buffered Outputs 
2 input Exclusive NOR 


7 input Carry Lookahead 
2 input Exclusive NOR with High Drive 
2 input Exclusive OR 


Decoders 


2:4 Decoder 
3:8 Decoder with Low Enable 


2:4 Decoder with Low Enable 
.. 


FIlp-flopslLatches 


D Flip-flop 
LATCH 


D Flip-flop with Clear/Preset 
LATCH with Complementary 
Outputs 
D Flip-flop with Clear 
LATCH with Inverted Gate Signal 
D Flip-flop with High Drive 
QUAD LATBG with Common Gate Signal 
D Flip-flop with Reset 
LATCH with High Drive 


D Flip-flop with Set 
QUAD Inverting LATCH 


D Flip-flop with SeUReset 
LATCH with Reset 
JK Flip-flop 
LATCH with Set 


JK Flip-flop with Clear/Preset 
LATCH with Set and Reset 


JK Flip-flop with Clear 


• 


AlmEl 
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Set-scan Register 
Set-scan Register with Clear and Preset 
Set-scan Register with Reset 


Set-scan Register with Set 
Set-scan Register with Set and Reset 


I/O Options 


Input, Output, Bidirectional, 
Tristate Output, Internal Clock Driver and Oscillator 


Output Drive Value Programmable 
from 2 rnA to 24 rnA in 2 mA increments with Slew Rate Control 


CMOS or TIL 
Operation 


SChmitt Trigger (Bidirectional, 
Input) 


Testable NAND Gate on Input (Bidirectional, 
Input) 


Inverting and Non-inverting 
Input Buffers (Bidirectional, 
Input) 


Pullup Resistor - 10K n to 310K n 


Pulldown Resistor - 3.5K nto 108.5K n 


HDL Macros 
- Available 
In Verllog-HDL 
or VHDL Simulation 
Models 


Function 
Group 
Available 
Cells 


adder 


alu 


baud rate generator 


comparator 


counter 


filo 


incrementor/decrementor 
mux 


parity/error 
correction 


scan 


shifter 


multipliers 


Interface 
logic High 
logic Low 
Swltchpolnt 


CMOS 
3.5 V Minimum 
1.5 V Maximum 
Vdd/2 Typical 


TTL 
2.0 V Minimum 
0.8 V Maximum 
1.4 V Typical 


Absolute 
Maximum Ratings· 


Operating Temperature 
-55°C to +125°C 
·NOTICE: 
Stresses 
beyond 
those listed \Ulder "Absolute 
Maximwn 


Ratings" 
may cause pennanent 
damage 
to the device. 
This is a stress 


rating only and functional 
operation 
of the device at these or any other 


conditions 
beyond 
those indicated 
in the operational 
sections 
of this 


speciitcation 
is not implied. 
Exposure 
to absolute 
maximwn 
rating 
conditions 
for extended 
periods 
may affect device reliability. 
Voltage on Any Pin 
with Respect to Ground 
-2.0 V to +7.0 VI 


Maximum Operating 
Voltage 
6.0 V 


Notes: 
\. Minimwn 
voltage 
is -0.6 V de which may \Uldershoot to -2.0 V for 


pulses ofless 
than 20 ns. Maximwn 
output pin voltage is Vdd + 0.75 V 


de which may overshoot 
to +7.0 V for pulses of less than 20 ns. 


5.0 Volt DC Characteristics 
Applicable over recommended operating range from Ta = ·55°C to +125°C. Vdd = 4.5 V to 5.5 V (unless otherwise noted) 


SymbOl 
Parameter 
Test COndition 
Mln 
Typ 
Max 
Units 


IIH 
Input Leakage High 
VIN = Vdd, Vdd - 5.5 V 
.01 
10 
J.1A 


IlL 
Input Leakage Low (no pull-up) 
VIN - Vss, Vdd - 5.5 V 
·10 
.01 
J.1A 


40K pull-up 
VIN - Vss, Vdd - 5.5 V 
-325 
-160 
-40 
J.1A 


loz 
Output Leakage (no pull-up) 
VIN '"' Vdd or Vss, Vdd - 5.5 V -10 
.01 
10 
J.1A 


los 
Output Short Circuit Current 
Vdd - 5.5 V, Vour 
- Vdd 
10 
50 
100 
mA 
(3 x Buffer)(2) 
Vdd '"' 5.5 V, Vour 
- Vss 
-100 
-50 
-10 
mA 


VIL 
TTL Input Low Voltage 
0.8 
V 


VIL 
CMOS Input Low Voltage 
. 
0.3 x Vdd 
V 


VIH 
TTL Input High Voltage 
2.0 
V 


VIH 
CMOS Input High Voltage 
0.7 x Vdd 
V 


VT 
TTL Switching Threshold 
Vdd - 5.0 V, 25°C 
1.4 
V 
CMOS Switching Threshold 
Vdd '"' 5.0 V, 25°C 
2.4 
V 


VOL 
Output Low Voltage 
10L- as rated 
0.2 
0.4 
V 
Output buffer has 
Vdd-4.5V 


12 stages of drive 
capability with 2 mA 10Lper stage. 


VOH 
Output High Voltage 
10H= as rated 
0.7 x Vdd 
4.2 
V 
Output buffer has 
Vdd-4.5V 


12 stages of drive 
capability with -2 mA 10Hper stage. 


• 


Note: 
2. This is the specification 
for the 3 x Output Buffer. 
Output short circuit current for other outputs 
will scale accordingly. 
Not more than 
one output shorted 
at a time, for a maximwn 
of one second, is allowed. 


v.v .•v .....,.'""'..u.u." •.••••• 
:.~'I"'.., 


Applicable over recommended 
operating range from Ta = ·55°C to +125°C. Vdd = 3.0 V to 3.6 V (unless otherwise noted) 


Symbol 
Parameter 
Test Condition 
Mln 
Typ 
Max 
Units 


IIH 
Input Leakage High 
VIN = Vdd. Vdd = 3.6 V 
.01 
10 
~ 


IlL 
Input Leakage Low (no pull-up) 
VIN • Vss. Vdd • 3.6 V 
-10 
.01 
~ 


40K pull-up 
V,N = Vss. Vdd· 
3.6 V 
·200 
-60 
-10 
~ 


loz 
Output Leakage (no pull-up) 
VIN = Vdd or Vss. Vdd = 3.6 V 
-10 
.01 
10 
~ 


los 
Output Short Circuit Current 
Vdd = 3.6 V. VOUT = Vdd 
5 
25 
60 
mA 
(3 x Buffer)(2) 
Vdd = 3.6 V. VOUT = Vss 
-60 
-25 
-5 
mA 


VIL 
CMOS Input Low Voltage 


I 
0.3 x Vdd 
V 


V,H 
CMOS Input High Voltage 
0.7x 
Vdd 
V 


VT 
CMOS Switching Threshold 
Vdd = 3.3 V. 25°C 
1.5 
V 


VOL 
Output Low Voltage 
10L• as rated 
0.4 
V 
Output buffer has 
Vdd=3.0V 


12 stages of drive 
capability with 1 mA 10Lper stage. 


VOH 
Output High Voltage 
10H= as rated 
0.7 x Vdd 
V 
Output buffer has 
Vdd=3.0V 


12 stages of drive 
capability with -1 mA 10Hper stage. 


Note: 
2. This is the specification for the 3 x Outpll Buffer. Output short circuit current for other outputs will scale accordingly. Not more than 
one output shorted at a time, for a maximwn of one second, is allowed. 


Symbol 
Parameter 
Test Condition 
Mln 
Typ 
Max 
Units 


C,N 
Capacitance 
Input Buffer (Die) 
5.0V. 
3.3 V 
2.4 
pF 


COUT 
Capacitance 
Output Buffer (Die) 
5.0 V. 3.3 V 
5.6 
pF 


Cvo 
Capacitance 
Bi-Directional 
5.0 V. 3.3 V 
6.6 
pF 


Schmitt 
Trigger 


V+ 
TTL Positive Threshold 
25°C. 5.0 V 
1.8 
2.0 
V 


CMOS Positive Threshold 
25°C. 5.0 V 
3.2 
3.5 
V 


V- 
TTL Negative Threshold 
25°C. 5.0 V 
0.6 
0.8 
V 
CMOS Negative Threshold 
25°C. 5.0 V 
1.0 
1.2 
V 
tN 
TTL Hysteresis 
25°C. 5.0 V 
0.4 
1.0 


CMOS Hysteresis 
25°C. 5.0 V 
1.0 
2.0 


V+ 
CMOS Positive Threshold 
25°C. 3.3 V 
2.2 
2.3 
V 


V- 
CMOS Negative Threshold 
25°C. 3.3 V 
.65 
0.9 
V 


tN 
CMOS Hystersis 
25°C. 3.3 V 
.65 
1.3 


I/O Buffers 


• 
Programmable 
output 
drive 
(2 to 24 mA IoL. -2 to -24 mA IOH for 5.0 V 
1 to 12 mA I OL. -1 to -12 mA IOH for 3.3 V) 


• 
3000 volts ESD protection 
• 
Built-in 
configurable 
test logic 


The ATI.. series 
input/output 
ring contains 
the VO buffer 
circuitry 
capable 
of sourcing 
and sinking 
currents 
up to 


24 mA. and responds 
to CMOS or 1TL logic 
levels. 
VO 


locations 
on this ring can accommodate 
bidirectional 
cells. 


AC Characteristics 
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Design for Testability, 
Atmel supports a full range of Design-for-Test improve- 
ment techniques which reduce design and prototype debug 
time, production test time, and board & system test time. 
These techniques can also improve system level test and 
diagnostic capability. 


The ATL arrays support the Joint Test Action Group 
(ITAG) boundary scan architecture. The required soft and 
hard macros to implementIEEE 
1149.1 compliant architec- 
ture are available in our macro cell library. Use of ITAG 
allows for scan testing with only 4-5 additional pins re- 
quired. 


Atmel can also provide automatic high fault coverage test 
pattern generation 
(ATPG) via Synopsys Test Compiler. 
By following a set of design rules, Test Compiler can 
automatically insert the scan cells and generate test vectors 
providing greater than 95% fault coverage. 
This is the 


easiest and least expensive method for designing testability 
into a gate array design. 


Advanced Packaging 


Atmel supports a wide variety of standard packages for 
the ATL series, but also offers its ATL series gate arrays 
in packages that are custom designed to maintain the 
performance obtained in the silicon. 


All of Atmel's standard packages have been characterized 
for thermal and electrical performance. 
When a standard 
package can't meet a customer's needs, Atmel's package 
design center can develop a package to precisely fit the 
application. The company has delivered custom-designed 
packages in a wide variety of configurations, 
including 
multichip modules and Tape Automated Bonding (TAB) 
packages. 
Atmel's 
domestic 
packaging 
facility 


manufactures commercial, industrial, Qass B and modified 
Qass S level product. 


Package Type 
Pin Count 


TOFP 
44,48,64,80,100,144,160,208,240,248,304 


POFP 
44,64,68,80,100,120,128,132,136,144, 
160, 184,208,232,256,304 


PLCC 
28,44,68,84 


PPGA 
68,84,100,120,132,144,180,224 


CPGA 
64,68,84,100,124,144,155,180,223,224,256,299,391 


COFP 
64,68,84,132,160,224,340 


CLCC 
44,52,84,132,148,196 


TAB 
68,100,120,128,144,160,180,208,224,256,292,304,338,360 
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Features 


• 
0.8 
IJ.drawn gate length combined with triple level metal provides 


outstanding speed/power perfonnance 


• 
Design translation of existing ASIC, PLD and FPGA designs 
provide for easy alternate sourcing with equivalent perfonnance 


• 
All ATL80 arrays can operate at 5.0 volts and 3.3 volts for low- 
power applications 
• 
Product testability Is ImprOVedusing techniques such as serial 
and boundary scan, ATPG, bullt·ln self test and JTAG 


• 
ATL80 arrays can be screened to MIL·STD-883 


Description 
The high-performance 
ATL80 Series CMOS gate arrays offer superior system 


performance, flexibility, testability and board utilization. 
The ATL80 gate arrays 
employ an advanced technology 0.8 IJ.-drawn.triple-level metal. Si-gate, CMOS 
technology processed in a U.S.-based, manufacturing facility. 


Atmel's efficient routing scheme combined with tight spacing for three 
layers allows Atmel to provide more gates and faster speeds. 
With 
ouble 


bond pads as a standard feature, high I/O gate arrays can easily be ac 
m 
tOO. 
The ATL80 gate array can have 3.3 volt and 5.0 volt I/O on the 
c chrp 


Device 
Number 


ATL80114 


ATL80/25 


ATL80135 


ATL80/6Q 


ATL80190 


ATL801146 


ATL801200 


ATL80/250 


ATL801300 


ATL80/425 


ATL80/550 


Gate(l) 
Speed 


200 ps 


200 ps 


200 ps 


200 ps 


200 ps 


200 ps 


200 ps 


200 ps 


200 ps 


200 ps 


200 ps 


AlmEL 


ATL80/14 
ATL80/25 
ATL80/35 
ATL80/S0 
ATL80/90 
ATL80/140 
ATL80/200 
ATL80/250 
ATL80/300 
ATL80/425 
ATL80/550 
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ATL80 Design 
Design Systems Supported 
The ATL80 gate arrays are supported on the same design 
systems as our I.OIl ATL gate arrays. Atmel supports the 
major CAE/CAD software systems with complete macro 
cell libraries (symbols, timing and function), as well as 
utilities for checking the netlist and accurate pre-route 
delay simulations. Atmel uses Cadence's Verilog as our 
golden simulator. The following design systems are sup- 
ported: 


Cadence 
Valid 


Viewlogic 
Synopsys 
Mentor 
Racal-Redac 


AlmEL 


Design Flow 
The design flow forthe ATL80 gate arrays is the same as the 
I.OIl ATL gate arrays. While Atmel provides four options 
for implementing a gate array design, they all have the same 
flow. Data base acceptance is the first milestone. This is 
when Atmel receives and accepts the complete design data 
base. Preliminary design review is where the performance 
of the design is set based on the Cadence simulation. Final 
design review is the last review of the design before making 
masks. The back annotation data is incorporated into the 
simulations. After final design review masks are released 
and prototypes, in ceramic packages, are delivered. 


Gate Array 
Design 
Translation 


Atmel Cell 
Library 


Design 
Synthesis 
-VHDL 
FPGNEPLD 
Conversions 


Physical Design, Simulation 
and Verification 


Design Options 
Schematic Capture 
SChematic capture and simulation are perfonned by the 
customer using an Atmel supplied macro cell library. The 
customer can also receive complete back annotation delay 
data for post-route simulation. 


VHDUVerllog-HDL 
Atmel can accept Register Transfer Level (RTL) designs 
for VHDL (MIL-STD-454, IEEE STD 1076) or Verilog- 
HDL fonnat. 
Atmel fully supports Synopsys for VHDL 


simulation as well as synthesis. 
Design via VHDL or 


Verilog-HDL is the preferred method ofperfonning 
a gate 


array design. 


ASIC Design Translation 
Atmel has successfully translated dozens of existing de- 
signs from most major ASIC vendors (LSI Logic, Old, 


NEC, Fujitsu and others) into our gate arrays. 
These 


designs have been optimized for speed, gate count, modi- 
fied to add logic or memory, or replicated for a pin-for-pin 
compatible, drop-in replacement. 


FPGA and EPLD Conversions 
Atmel has successfully translated existing FPGA/EPLD 
designs from most major vendors (Xilinx, Actel, Altera, 
AMD & Atmel) into our gate arrays. The design can be 
optimized for speed or power consumption, modified to 
add logic or memory or replicated for a pin-for-pin com- 
patible, drop-in replacement. 
Atmel frequently combines 


several devices onto a single gate array. 
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ATL80 Series Cell Library 
Atmel's 
ATL80 series gate arrays use cells from an 


accurately modeled and highly flexible library. The cell 
library contains over 120 hard-wired data path elements 
and has been characterized via extensive SPICE modeling 
at the transistor level and verified through measurements 
made on fabricated test arrays. Characterization has been 


performed 
over the military 
temperature 
and voltage 


ranges. to ensure that the simulation accurately predicts 
the performance 
of the finished 
product. 
Atmel is 


continually expanding the ATL80 series cell library with 
both soft and hard macros. 
Check 
with your sales 


representative for the most recent additions. 


Buffers 
and Inverters 


1x Buffer 
1x Inverter 


2x Buffer 
Dual 1x Inverter 


2x Buffer with Enable 
Quad 1x Inverter 


2x Buffer with Enable Low 
Quad Tri-state Inverter 


3x Buffer 
2x Inverter 


4x Buffer 
Dual 2x Inverter 


8x Buffer 
2x Tri-state Inverter 


12x Buffer 
3x Inverter 


16x Buffer 
4x Inverter 


Delay Buffer 2.0 ns 
8x Inverter 


Delay Buffer 3.5 ns 
10x Inverter 


Delay Buffer 8.0 ns 


AND. NAND. OR. NOR Gates 


2 input AND 
2 input NOR 


2 input AND with High Drive 
Dual 2 input NOR 


3 input AND 
2 input NOR with High Drive 


3 input AND with High Drive 
3 input NOR 


4 input AND 
3 input NOR with High Drive 


4 input AND with High Drive 
4 input NOR 


5 input AND 
4 input NOR with High Drive 


2 input NAND 
5 input NOR 


Dual2-input 
NAND 
8 input NOR 


2 input NAND with High Drive 
16 input NOR with High Drive 


3 input NAND 
2 input OR 


3 input NAND with High Drive 
2 input OR with High Drive 


4 input NAND 
3 input OR 


4 input NAND with High Drive 
3 input OR with High Drive 


5 input NAND 
4 input OR 


5 input NAND with High Drive 
4 input OR with High Drive 


6 input NAND 
6 input NAND with High Drive 
8 input NAND 
8 input NAND with High Drive 


Multiplexers 


2:1 MUX 
4:1 MUX 


2:1 MUX with High Drive 
4:1 MUX w/o Buffered Inputs 


Inverting 2:1 MUX w/o Buffered Inputs 
4:1 MUX w/o Buffered Inputs, High Drive 
Inverting 2:1 MUX w/o Buffered Inputs, High Drive 
5:1 MUX with High Drive 


2:1 MUX with Enable Low 
8:1 MUX 


Quad 2:1 MUX with Enable 
8:1 MUX with Enable Low 


Quad 2:1 MUX 
8:1 MUX High Drive 


Inverting 3:1 MUX w/o Buffered Inputs 
Inverting 3:1 MUX w/o Buffered Inputs, High Drive 


AND/OR, 
ORlAND 
Gates 


3 input AND OR INVERT 
3 input OR AND INVERT 


3 input AND OR INVERT with High Drive 
3 input OR AND INVERT with High Drive 
4 input AND OR INVERT 
4 input OR AND INVERT 


4 input AND OR INVERT with High Drive 
4 input OR AND INVERT with High Drive 
6 input AND OR INVERT 
8 input OR AND INVERT 


6 input AND OR INVERT with High Drive 
4 input OR AND INVERT with 2 inputs to AND 


ExclusIve 
ORIN OR Gates 


1 bit Adder 
2 input Exclusive OR with High Drive 
1 bit Adder with Buffered Outputs 
2 input Exclusive NOR 


7 input Carry Lookahead 
2 input Exclusive NOR with High Drive 
2 input Exclusive OR 


Decoders 


2:4 Decoder 
3:8 Decoder with Low Enable 


2:4 Decoder with Low Enable 


FIlp-f1opslLatches 


D Flip-flop 
LATCH 


D Flip-flop with Clear/Preset 
LATCH with Complementary 
Outputs 


D Flip-flop with Clear 
LATCH with Inverted Gate Signal 


D Flip-flop with High Drive 
QUAD LATBG with Common Gate Signal 
D Flip-flop with Reset 
LATCH with High Drive 
D Flip-flop with Set 
QUAD Inverting LATCH 


D Flip-flop with SellReset 
LATCH with Reset 


JK Flip-flop 
LATCH with Set 


JK Flip-flop with Clear/Preset 
LATCH with Set and Reset 


JK Flip-flop with Clear 
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Scan cells 


Set-scan Register 
Set-scan Register with Set 


Set-scan Register with Clear and Preset 
Set-scan Register with Set and Reset 
Set-scan Register with Reset 


I/O Options 


Input, Output, Bidirectional, 
Tristate Output, Internal Clock Driver and Oscillator 


Output Drive Value Programmable 
from 2 mA to 24 mA in 2 mA increments with Slew Rate Control 


CMOS or TTL Operation 


Schmitt Trigger (Bidirectional, 
Input) 


Testable NAND Gate on Input (Bidirectional, 
Input) 


Inverting and Non-inverting 
Input Buffers (Bidirectional, 
Input) 


Pullup Resistor - 10K Q to 310K Q 


Pulldown Resistor - 3.5K Q to 108.5K Q 
. 
~-, . 
. 
~ 


74XX Series 
Soft Macros 


- 
-' 


24 cells available 
'I 


HDL Macros 
- Available 
In Verllog-HDL 
or VHDL Simulation 
Models 


Function 
Group 
Available 
Cells 


adder 
37 


alu 
29 


baud rate generator 
3 


comparator 
18 


counter 
27 


fifo 
56 


incrementor/decrementor 
60 


mux 
7 
parity/error 
correction 
15 


scan 
31 
shiller 
9 


multipliers 
10 


, 


Interface 
Logic 
High 
Logic 
Low 
Swltchpolnt 


CMOS 
3.5 V Minimum 
1.5 V Maximum 
Voo/2 
Typical 


TTL 
2.0 V Minimum 
0.8 V Maximum 
1.4 V Typical 


*NarICE: 
Stresses 
beyond 
those listed Wider" Absolute 
Maximum 


Ratings" 
may cause permanent 
damage 
to the device. 
This is a stress 


rating only and functional 
operation 
of the device at these or any other 


conditions 
beyond 
those indicated 
in the operational 
sections 
of this 


specification 
is not implied. 
Exposure 
to absolute 
maximum 
rating 


conditions 
for extended 
periods may affect device reliability. 
Voltage on Any Pin 
with Respect to Ground 
-2.0 V to +7.0 V(1) 
Notes: 
I. Minimum 
voltage 
is -0.6 V dc which may Widershootto 
-2.0 V for 


pulses ofless than 20 ns. Maximum 
output pin voltage is VOO + 0.75 V 


dc which may overshoot 
to +7.0 V for pulses of less than 20 ns. 


5.0 Volt DC Characteristics 
Applicable over recommended 
operating range from Ta = -55°C to +125°C. VOO = 4.5 V to 5.5 V (unless otherwise noted) 


Symbol 
Parameter 
Test Condition 
Mln 
Typ 
Max 
Units 


IIH 
Input Leakage High 
VIN = Voo. 
Voo = 5.5 V 
0.01 
10 
l!A 


IlL 
Input Leakage Low (no pull-up) 
VIN = Vss. Voo = 5.5 V 
-10 
0.01 
l!A 


40K pull-up 
VIN = Vss. Voo = 5.5 V 
-325 
-160 
-40 
l!A 


loz 
Output Leakage (no pull-up) 
VIN = Voo or Vss. Voo = 5.5 V-10 
0.01 
10 
l!A 


los 
Output Short Circuit Current 
Voo = 5.5 V. VOUT = Voo 
10 
50 
100 
mA 
(3 x Buffer)(2) 
Voo = 5.5 V. VOUT = Vss 
-100 
·50 
-10 
mA 


VIL 
TTL Input Low Voltage 
0.8 
V 


VIL 
CMOS Input Low Voltage 
0.3x 
Voo 
V 


VIH 
TTL Input High Voltage 
2.0 
V 


VIH 
CMOS Input High Voltage 
0.7x 
Voo 
V 


VT 
TTL Switching Threshold 
Voo = 5.0 V, 25°C 
1.4 
V 


CMOS Switching Threshold 
Voo = 5.0 V, 25°C 
2.4 
V 


VOL 
Output Low Voltage 
10L= as rated 
0.2 
0.4 
V 


Output buffer has 
Voo =4.5 
V 


12 stages of drive 
capability with 2 mA 10Lper stage. 


VOH 
Output High Voltage 
10H= as rated 
0.7 x Voo 
4.2 
V 


Output buffer has 
Voo=4.5 
V 
12 stages of drive 
capability with -2 mA 10Hper stage. 


Note: 
2. This is the specification 
for the 3 x Output Buffer. 
Output short circuit current for other outputs 
will scale accordingly. 
Not more than 
one output shorted 
at a time, for a maximum 
of one second. is allowed. 
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3.3 Volt DC Characteristics 
Applicableover recommendedoperating range fromTa = -SsoC to +12SoC. VOO= 3.0 V to 3.6 V (unlessotherwise noted) 


Symbol 
Parameter 
Test Condition 
Mln 
Typ 
Max 
Units 


IIH 
Input Leakage High 
VIN. 
Voo. 
Voo· 
3.6 V 
0.01 
10 
J.IA 


IlL 
Input Leakage Low (no pull-up) 
VIN • Vss. Voo • 3.6 V 
-10 
0.01 
J.IA 


40K pull-up 
VIN • Vss. Voo· 
3.6 V 
-200 
-60 
-10 
J.IA 


loz 
Output Leakage (no pull-up) 
VIN = Voo or Vss, Voo = 3.6 V -10 
0.01 
10 
J.IA 


los 
Output Short Circuit Current 
Voo = 3.6 V, VOUT = Voo 
5 
25 
60 
mA 
(3 x Buffer)(2) 
Voo - 3.6 V, Vour· 
Vss 
-60 
-25 
-5 
mA 


VIL 
CMOS Input Low Voltage 
0.3x 
Voo 
V 


VIH 
CMOS Input High Voltage 
0.7x 
Voo 
V 


VT 
CMOS Switching Threshold 
Voo = 3.3 V. 25°C 
1.5 
V 


VOL 
Output Low Voltage 
10L= as rated 
0.4 
V 
Output buffer has 
Voo-3.0 
V 


12 stages of drive 
capability with 1 mA 10Lper stage. 


VOH 
Output High Voltage 
IOH = as rated 
0.7x 
Voo 
V 
Output buffer has 
Voo =3.0V 


12 stages of drive 
capability with -1 mA 10Hper stage. 


Note: 
2. This is the specification 
for the 3 x Output Buffer. 
Output short circuit current for other outputs will scale accordingly. 
Not more than 
one output shorted 
at a time, for a maximum 
of one second, is allowed. 


Symbol 
Parameter 
Test Condition 
Mln 
Typ 
Max 
Units 


CIN 
Capacitance, 
Input Buffer (Die) 
5.0 V, 3.3 V 
2.4 
pF 


COUT 
Capacitance, 
Output Buffer (Die) 
5.0 V, 3.3 V 
5.6 
pF 


Cvo 
Capacitance, 
Bi-Directional 
5.0 V, 3.3 V 
6.6 
pF 


Schmitt 
Trigger 


V+ 
TTL Positive Threshold 
25°C, 5.0 V 
1.8 
2.0 
V 


CMOS Positive Threshold 
25°C, 5.0 V 
3.2 
3.5 
V 


V- 
TTL Negative Threshold 
25°C, 5.0 V 
0.6 
0.8 
V 
CMOS Negative Threshold 
25°C, 5.0 V 
1.0 
1.2 
. 
V 


t'N 
TTL Hysteresis 
25°C, 5.0 V 
0.4 
1.0 


CMOS Hysteresis 
25°C, 5.0 V 
1.0 
2.0 


V+ 
CMOS Positive Threshold 
25°C, 3.3 V 
2.2 
2.3 
V 


V- 
CMOS Negative Threshold 
25°C, 3.3 V 
0.65 
0.9 
V 


!J.V 
CMOS Hystersis 
25°C, 3.3 V 
. 
0.65 
1.3 


I/O Buffers 
• Programmable output drive 
(2 to 24 mA JOL.-2 to -24 mA JOHfor S.O V 
1 to 12 mA J OL, -1 to -12 mA JOHfor 3.3 V) 
• 3.000 volts ESD protection 
• Built-in configurable test logic 
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1be ATI..SO series input/output ring contains the I/O buffer 
circuitry capable of sourcing and sinking currents up to 
24 mA. and responds to CMOS or TI'L logic levels. 
All 


outputs can be switched to a high impedance state. 
I/O 


locations on this ring can accommodate bidirectional cells. 
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Design for Testability 
Atmel supports a full range of Design-for-Test improve- 
ment techniques which reduce design and prototype debug 
time, production test time, and board and system test time. 
These techniques can also improve system level test and 
diagnostic capability. 


The ATL80 arrays support the Joint Test Action Group 
(ITAG) boundary scan architecture. The required soft and 
hard macros to implement IEEE 1149.1 compliant architec- 
ture are available in our macro cell library. Use of ITAG 
allows for scan testing with only 4-5 additional pins re- 
quired. 


Atmel can also provide automatic high fault coverage test 
pattern generation 
(ATPG) via Synopsys Test Compiler. 


By following a set of design rules, Test Compiler can 
automatically insert the scan cells and generate test vectors 
providing greater than 95% fault coverage. 
This is the 


easiest, and least expensive method fordesigning testability 
into a gate array design. 


Advanced Packaging 
Atmel supports a wide variety of standard packages for the 
ATL80 series, but also offers its ATL80 series gate arrays 
in packages that are custom designed to maintain the 
performance obtained in the silicon. 


All of Atmel's standard packages have been characterized 
for thermal and electrical performance. 
When a standard 


package can't meet a customer's needs, Atmel's package 
design center can develop a package to precisely fit the 
application. The company has delivered custom-designed 
packages in a wide variety of configurations, 
including 


multichip modules and Tape Automated Bonding (TAB) 
packages. 
Atmel's 
domestic 
packaging 
facility 


manufactures commercial, industrial, Class B and modified 
Class S level product. 


Package Type 
Pin Count 
, 


TQFP 
44,48,64,80,100,144,160,208,240,248,304 


PQFP 
44,64,68,80,100,120,128,132,136,144, 
160, 184,208,232,256,304 


PLCC 
28,44,68,84 


PPGA 
68,84,100,120,132,144,180,224 


CPGA 
64,68,84,100,124,144,155,180,223,224,256,299,391 


CQFP 
64,68,84,132,160,224,340 


CLCC 
44,52,84,132,148,196 


TAB 
68,100,120,128,144,160,180,208,224,256,292,304,338,360 


Military Product Flow Chart 
MIL·STD·883 Class B 


Intemal 
Visual 
Method 
2010 
Condition 
B Mechanical 
T esls 
Method 
2011 and Method 
2019 


Environmenla/ 
Preconditioning 
Temperature 
Cycling 
Method 
1010 Condition 
C 
Constant 
Acceleration 
Method 
2001 
Condition 
E 
Fine and Gross 
Leak Method 
1014 


100% Final Electrical 
Screening 
POA.5% 
at +25·C 
-55·C, 
+ 125·C 


Group 
A and B Inspection 
Method 
5005 
Review 
Groups 
C and 0 Quality 
Conformance 
Inspection 
Documentation 


Actel. A1lera, AMD. Cadence. 
DAZIX. 
Fujitsu. LSI Logic. Mentor. NBC. Oki. Racal-Redac. 
Synopsys. 
Valid. Verilog-XL, 
Viewlogic. 
and 
Xilinx may be registered 
trademarks 
of others. 
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Converting FPGAs and EPLDs to 
Atmel's ATL series Gate Arrays 


Introduction 
Annel is the only company which designs 
and manufactures both complex CMOS 
electrically programmable logic devices 
(EPLDs) 
and high-perfonnance 
CMOS 


gate arrays. 
In a natural progression, 


Atmel 
now offers 
a seamless, 
direct 
conversion for designs implemented on 
most EPLDs and field programmable gate 
arrays (FPGAs) to the AlL series gate 
arrays. FPGA/EPLDconversions 
provide 


the following benefits: 


• 
You can save money. Annel'sprocess 
converts a single FPGA or EPLD into 
a lower-priced gate array that is a pin- 
for-pin 
compatible, 
drop-in 


replacement. 
In other words, Annel 
will match the timing of the FPGA or 
EPLD, at a lower cost 


• 
You can reduce board space. 
Since 
Annel converts to a true gate array, 


multiple FPGA/EPLDs 
can be 
easily integrated 
into a single 
chip, reducing board space and 
component cost. 


• 
Annel can also take an existing 
FPGA/EPLDdesign andimprove 
system perfonnance. 


• 
Save time and prove your design. 
Your 
ASIC 
design 
can 
be 
prototyped 
in programmable 
logic and moved to a gate array, 
without redesign. 


In all cases, Annel uses the FPGA/ 
EPLD design database so that little 
engineering effort is required from 
the customer. This document details 
the infonnation needed to perfonn a 
conversion. It also discusses when a 
conversion makes sense. 


Device 
Maximum 
Routable 
Max Pin 
Max 110 
Gate' 


Number 
Gates 
Gates 
Count 
Pins 
Speed 


ATL4 
4,100 
2,600 
68 
60 
434 ps 


ATL10 
10000 
6500 
124 
116 
434 os 


ATL20/20C 
22,000 
12,000 
144/160 
136/148 
434ps 


ATL40 
40,000 
22,000 
180 
168 
434 ps 


ATL60 
57,000 
30,000 
224 
208 
434 ps 


ATL75 
72,000 
38,000 
256 
236 
434ps 


ATL100 
95,000 
50,000 
292 
262 
434 ps 


ATL130 
131,000 
67,000 
338 
308 
434 ps 


ATL160 
157,000 
80,000 
360 
320 
434 ps 


FPGAlEPLD 
to Gate Array 
Conversion 
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Programmable 
Logic vs. Gate Array 


Programmable logic has enjoyed tremendous popularity 
over the past several years because the user saves both time 
andmoney. Users may work with inexpensive design tools, 
run on inexpensive platforms. Designs canbe implemented 
in hours and modified easily. As a result, a designer can 
implement anASIC design andevaluate performance inthe 
system in the same week. This instant feedback allows 
designers to rectify system errors without additional cost. 
Programmable logic provides an ideal solution for low- to 
moderate- volume designs or for fast prototyping. 


Gate arrays continue to offer superior performance, higher 
densities and lower cost-per-gate in volume production 
when compared to an FPGA/EPLD. 
While the cost of 


design tools has dropped in recent years and quality third 
party tools have emerged, they are stillmore expensive than 
FPGA/EPLD tools. Also, while gate array prototypes can 
be available in a few weeks, that is still much longer than 
the several hour turn around of an FPGAlEPLD. 


When to Convert 
There are four instances when converting from an FPGN 
EPLD to a gate array offers the user a direct benefit 


1. High Volume - If your annual volume is over 10,000 


units (commercial) for a single design, or2,ooounits for 
combined designs (commercial), converting to a gate 
array can save money. 


2. Performance - Gate arrays have lower stand-by current 


requirements and offer greater speed than an FPGN 
EPLD. Frequently thespeedofanFPGA/EPLD becomes 
the limiting factor in a system design. 


3. Integration - Converting to a true gate array allows 


several FPGA/EPLDs tobe integrated into asingle chip, 
requiring less board space and providing a cost savings. 


4. Prototyping - Using the FPGAlEPLD for prototyping 


and then converting into a gate array for production 
gives the user the best of both worlds; fast design cycle 
times and low-cost volume production. 


The Conversion 
Process Summary 


Atmel's conversion process is designed to minimize the 
amount of engineering support required from the system 
designers. 
Figure I outlines the conversion process flow. 
The inputs required vary depending 
on the original 
manufacturer of the FPGA/EPLD. 


Once Atmel has received the design database, the original 
design (s) is converted into an equivalent netlist using the 
ATLseries library. The equivalent netlist ensures that both 
the functionality and timing of the new design match the 
original. Using this technique, almost any FPGA/EPLD 
design can be converted to a gate array. 


The original test vectors are also converted and are used to 
verify the gate array design. This is important because the 
functional test vectors are the verification vehicle for the 
design. 
Good functional vectors must be provided or 


developed. Afterthe design has been converted andverified 
forfunctionalperformance, theoptimization processbegins. 
The design can be optimized 
to match the timing 
performance of the original FPGA/EPLD design, or to 
meet new performance goals. Additional logic functions or 
memory can be added to the gate array as well. 


Beforephysicaldesignofthechip begins, ajointPreliminary 
Design Review is held with Atmel and the customer to 
approve the results ofthe converted design. From this point 
on the design process is identical to that of a traditionally 
designed gate array. The design is physically placed and 
routed on the gate array and verified for electrical and 
design rules. Atmel uses Cadence's Verilog-XLTMas a 
golden simulator. Atmel provides performance equal to 
that predicted by Verilog-XL. 


Back annotation data isextracted from the actual layout and 
incorporated into the post-route functional and timing 
simulation. Minor layout modifications may be required to 
meet the timing specification. A Final Design Review is 
held to approve the post-route simulation data. 
After 


customer approval, the design is released for mask 
generation and prototyping. Prototypes can be delivered in 
as little as three weeks and production units in as short as 
six weeks after customer approval of prototypes. Atmel 
guarantees the gate array will be a pin-for-pin compatible 
replacement for the FPGA/EPLD. 


~~ 
Joint Tasks 


Ighl 
Atmel Tasks 
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Conversion· 
Xlllnx™ FPGA 


Since XUinx uses third pany design tools for schematic 
capture and simulation, the required data is now more 
accessable. All data should reflect the final Xilinx design. 


Required Design Inputs 
Xllinx Files: 
JCNF (Xilinx Netlist) 
.LCA(file) 


Viewlogic Files (or Mentor'" Nalid'" 
equivalents): 
.CMO (Simulator Command File) 
.OEF (parameters File) 
.EON (or MentorNalid (BOIF 2 0 0 netlist) 
.PIN (Final Pin List) 
.VSM (Viewlogic'" Simulator Netlist) 
.SCH (Schematics) 
.SYM (Symbols) 
.WIR (Wire Length), and Simulation Vectors 


- TIming and loading data on the pins 
- Identify all asynchronous paths, race conditions 


or unregistered feedback loops 
- Block diagram of interconnects for incorporating 
more than one FPGA into a single gate array 
- Specifications 
- Sample Parts 


Xilinx FPGAs are similar to a true gate array in both their 
design and physical implementation. 
This makes the 


conversion of anFPGA relatively simple. The Xilinx netlist 
is converted directly into an AlL series l.~ 
cell library 


netlist. Atmel uses generic logic blocks in our AlL series 
l.~ 
cell library to implement the design. The Atmellogic 


blocks can be optimized to match the timing of the original 
FPGA/EPLO based on the information in the supplied 
customer database. Test vectors are converted into the 
proper format andused toverify the functional performance 
of the converted netlist. SinceAtmel uses the vectors as the 
principle vehicle for confirming that the gate array meets 
functionalspecs, itisimportant thatthe vectors arecomplete. 


Equivalent 
Target Atmel 


Xlllnx FPGA 
Usable Gates 
I/O Pins 
Total Pins 
Gate Array 


2064 
1,200 
58 
68 
ATL4 


2018 
1,800 
74 
84 
ATL10 


3020 
2,000 
64 
74 
ATL10 


3030 
3,000 
80 
98 
ATL10 
.>0 
. 


3042 
4,200 
96 
118 
ATL10 


3064 
6,400 
120 
140 
ATL20/10· 


3090 
9,000 
144 
166 
ATL20/20C/40· 


4002 
2,000 
64 
ATL4/10· 


4003 
3,000 
80 
ATL10 


4004 
4,000 
96 
ATL10 


4005 
5,000 
112 
ATL10 


4006 
6,000 
128 
ATL10/20· 


4008 
8,000 
144 
ATL20/20C/40· 


4010 
10,000 
160 
ATL20/20C/40· 


4013 
13,000 
192 
ATL40/60· 


4016 
16,000 
208 
ATL60 


4020 
20,000 
240 
ATL60175/100· 


Conversion· 
Actel1'MFPGA 


Since Actel uses only third party design tools for schematic 
capture and simulation, the required data should already be 
in the correct format for delivery to Atmel. All data should 
reflect the final Aetel design. 


Required Design Inputs 
Actel Files: 
.ADL (Flatten Netlist) 
.CRT (Criticality file) 
.DEL (Actel Delay Table) 
.FUS (Fuse File) 
.IPF (Initial Placement File) 


Viewlogic Files (or MentorNalid equivalents): 


.CMD (Simulator Command File) 
.DEF (Parameters File) 
.EDN (or MentorNalid 
(EDIF 200 netlist) 


.PIN (Final Pin List) 
.VSM (Viewlogic Simulator Netlist) 
.SCH (Schematics) 
.SYM (Symbols) 
.WIR (Wire Length), and Simulation Vectors 


- TIming and loading data on the pins 
- Identify all asynchronous paths, race conditions 
or unregistered feedback loops 
- Block diagram of interconnects for incorporating 
more than one FPGA into a single gate array 
- Specifications 
- Sample parts 


Actel FPGAs are very similar to a true gate array in both 
their design and physical implementation. This makes the 
conversion of an FPGA to a gate array relatively simple. 
The Actel netlist is converted directly into an All. series 
1.0~cell library netlist The Actel devices actually use only 
a few basic logic blocks to implement all of their functions. 
Atmel uses generic logic blocks in our All. series 1.0~ cell 
library to implement thedesign. The Atmel logic blocks can 
be optimized to match the timing of the original FPGA/ 
EPLD, basedoninformation inthecustomer design database. 
The test vectors are converted into the proper format and 
used to verify the functional performance of the converted 
netlist. Since Atmel uses the vectors as the principal vehicle • 
for confirming that the gate array meets functional specs, it 
: 
is important that the vectors are complete. 


Equivalent 
Target Atmel 


Actel FPGA 
Usable Gates 
1/0 Pins 
Total Pins 
Gate Array 


Act 1 1010 
1,200 
57 
68 
ATL4 


1020 
2,000 
69 
84 
ATL4 or 10· 


Act 2 1225 
2,500 
82 
100 
ATL4 or 10· 


1240 
4,000 
104 
132 
ATL10 or 20· 


1280 
8,000 
140 
176 
ATL20 
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Conversion - Altera™ EPLD 
Using Altera inputs, an EDIF 2 0 0 nellist with actual delay 
data can be easily extracted. 
This nellist comes from the 


MAX +PLUS design system and incorporates the delay data 
from the fitter/assembler. 


Required Design Inputs 
MAX+PLUS 
Files: 


Archive File (Menu: File/PrOject/Archive) 
Should contain these files as a minimum: 


.GDF (Graphic File) 
.TDF (Text File) 
.HIF, .FIT (Fitter) 
.POF (programmer Object File) 
.SNF (Simulation Nellist File) 
.VEC (Simulation Vectors) 


- Timing and loading data on the pins 
- Identify all asynchronous paths, race conditions 


or unregistered feedback loops 
- Block diagram of interconnects for incorporating 


more than one FPGA into a single gate array 
- Specifications 
- Sample parts 


Altera EPLDs have a unifonn, detenninistic architecture . 
Every signal traverses the same length path, avoiding race 
conditions. If the converted design is to be used as a drop- 
in replacement, the design must meet the specifications of 
the original design including 
minimum 
and maximum 


signal arrival times as well as set-up and hold times. For 
example (Figure 2), EPLDs often drive a chip with a 


Equivalent 
Target Atmel 


Altera EPLD 
Usable Gates 
I/O Pins 
Total Pins 
Gate Array 


Max5erles 
5016 
300 
16 
20 
ATL4 


5032 
600 
24 
28 
ATL4 


5064 
1200 
36 
44 
ATL4 


5128 
2400 
60 
-" 
68 
ATL4 
-~ 


5130 
2400 
,~ 
84 
100 
ATL10 


5192 
3500 
72 
100 
ATL10 


Classic Series 
320130 
150 
18 
20 
ATL4 


610/30/10A 
300 
20 
28 
ATL4 


910 
450 
36 
44 
ATL4 


J- 
1810 
900 
54 
68 
ATL4 


-t-.I 
TCOmin 
======X__ 
I.. 
.1 Hold Time for 
Next Chip 


positive hold time. A reduction in the minimum clock-to- 
output timing causes a violation of the hold time. The gate 
array would run faster than the EPLD, but the system would 
fail. 


The design is mapped into Atmel cells and Synopsys is used 
to add delay, ifneeded, to match the original timing. Many 
potential timing problems disappear using this technique. 
The original functional test vectors are converted and used 
to verify that the gate array design is a functional equivalent 
of the original design. 


If the EPLD design is a fully synchronous design, timing 
optimization can be achieved by meeting the minimum 
propagation delay for each signal path in the circuit. The 
maximum signal arrival time for each path in the gate array 
is specified to be equal to that of the equivalent path in the 
EPLD. Additional gates may be added to the product and 
sum terms so the propagation delays of the gate array match 
those of the original EPLD design. 


Synthesis Option 
All FPGA/EPLD 
compilers 
offer 
behavioral 
level 
simulation. 
Using logic synthesis, the behavioral level 


design ismapped into a functionally equivalent circuit 
and implemented 
in the All.. series library. 
The 
process of synthesis is relatively easy and offers the 
maximum gate utilization and performance. 
This 
technique is used when several FPGA/EPLDs 
are 
being converted 
into a single gate array or if a 
performance improvement is desired. 


Atmel uses Synopsys TM as the synthesis tool of choice. 
Using Synopsys, the behavioral description of the 
FPGA/EPLD(s) is synthesized down to a gate level 
description in the All.. series library. The resulting 
netlist is a functionally equivalent circuit, equal to the 
original FPGA/EPLD(s). 
Synopsys is also used to 
optimize the design for speed, power usage or gate 
count. 


Use of synthesis allows the FPGA/EPLD(s) 
to be 
reduced 
to the 
smallest 
possible 
gate 
array 
implementation. Since the design is not implemented 
in the same deterministic 
manner, the timing will 
generally be different than the original design. 
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Introduction 
It has only been in the last few years that 
designers 
and users 
of application 


specific integrated circuits (ASIC) have 
been able to obtain additional sources 
for these types of integrated circuits. 
The introduction 
of design synthesis 


software by CAD I CAE companies has 
made the task of converting from one 
ASIC vendor's library into another's, a 
feasible task even for the most dense 
designs. 


The user of an application 
specific 


integrated 
circuit 
who desires 
the 
flexibility and security offered by having 
multiple sources for what are often key 
system components, 
or the user who 


requires an improvement in performance 
offered 
by 
advanced 
process 


technologies, now have an easy path to 
satisfy theirneeds. 
That path is Atmel's 


Design Translation ASIC design flow, 
shown 
in Figure 
1. 
The 
Design 
Translation flow highlights the major 
steps that are taken in converting a netlist 
into Atmel's gate array cells, verifying 
the translation, performing 
the layout 
and 
realizing 
the 
desired 
circuit 
performance, and fabricating and testing 
the resulting silicon product. 


This application note describes the types 
of data required from the ASIC user and 
the process steps followed by Atmel to 
successfully translate an existing ASIC 


design, and presents the results of two 
translation efforts. 
1be 
first was an 
effort 
where 
the 
Atmel 
device 
performance was required to match that 
of the original ASIC. 1be second was a 
translation 
where 
the 
improved 
performance 
of Atmel's 
device was 
required. The process has been proven 
through successful translation of designs 
from such vendors as LSI Logic, NEC, 
Fujitsu, and Oki, into our 1.0 ~ ATL 
series gate array family. 


The Process 
Simply stated, the Design Translation 
process maps cells from the original 
design into cells contained in Atmel's 
cell 
library. 
These 
cells 
may 
be 
equivalent primitives or may be soft 
macros which include several primitives. 
The choice of Atmel cell will depend 
upon the required performanceobjective, 
and, in some instances, hard macros may 
be created to replace soft macros to 
achieve performance goals forthedesign. 


Once the mapping 
is complete, 
the 
process follows Atmel's normal ASIC 
design flow, including cell placement 
and routing, resimulation using Atmel's 
"golden" 
simulator, 
comparison 
of 
predicted versus desired performance 
and, after approval of the design by the 
user, 
PG tape 
out 
and 
prototype 


fabrication. 
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Data Base Required 
ASIC design can be accomplished on avariety of platfonns. 
and with a variety of software tools - some open. some 
proprietary. Designs are completed using generic and/or 
vendor-specific library cells as well. This level offlexibility 
available totheASIC designerdoes nothinderthe translation 
effon. Most design tools are capable of providing a netlist 
in EDIF (EDIF 2.0.0) fonnat. Other netlist fonnats which 
are acceptable to Atmel are listed below: 


Cadence™ - Verilog-XLTM.EDIF 2.0.0 
DAZIXTM- Tegas™, EDIF 2.0.0 
LSI Logic - NDLTM 
Mentor™ - MJFTM 
Racal-Redac™ - EDIF 2.0.0 
Valid™ - EDIF 2.0.0 
Viewlogic™ - EDIF 2.0.0 


In addition to the netlist for the original design. several 
other pieces of infonnation are needed to successfully 
translate the design. Also required are: 


A description of the original design library 
Functional test vectors. print-on-ehange fonnat 
Device specifications 
Identification of critical and/or asynchronous paths 
"As-routed" delay data from the original design 


To make an assessment of whether the desired perfonnance 
match or improvement has been achieved. anunderstanding 
of the starting point must be reached. The description of the 
original 
cell library. 
with its functional 
and timing 


infonnation for each cell. is also essential to the defmition 
of the starting point 


Netlist Translation, 
Simulation 
and Verification 


If sample parts of the original design can be provided, 
perfonnance data on the actual silicon can be used to help 
establish a baseline. 


The functional vector set (in ASCn or TSSI, print-on- 
change fonnat) serves two purposes. The functional vector 
set, when converted into tester-specific fonnat and used in 
conjunction with the sampledevices, provides amechanism 
for establishing detailed perfonnance attributes of the 
original design. 
These attributes, such as maximum 


frequency, 
path 
timing 
performance, 
and buffer 


characteristics to name a few, provide the base for cell and 
buffer selection tomatch or improve the design. Individual 
perfonnance attributes can also be used as input to a 
wavefonn comparison tool. This tool, using the actual data 
and the functional test vectors, now converted to simulator 
fonnat, pennits the Atmel designer to detennine when and 


where timing mismatches occur and adjust the netlist 
accordingly. 


The device 
specification 
provides 
key infonnation 


concerning the required device pin-out, system loading for 
eachpin.thedesiredperfonnance, andthe rangeofoperating 
conditions. 


Performance Matching 
Our first example of ASIC translation presents the results 
of work perfonned 
for a military application, where 


interchangeability with the original designs was required. 
The original design was an LSI Logic 10K series gate array 
of approximately5,000gates. The design wasasynchronous 
andhad multiple clocks. Samples representing the original 
designs were available at the outset and were characterized 
to supplement the specification requirements. All the data 
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presented is a direct comparison. of LSI Logic and Atmel 
silicon. Figure 2, depicting maximum operating frequency 
for constant temperature and voltage, shows how closely 
the performance can be matched. Figures 3 and 4 depict the 
average performance for nine critical paths, forlow-to-high 


transitions, both as a function of supply vOltage and of 
temperature. And finally, Figures 5 and 6 depict rise and 
fall time of bidirectional buffers. TIle performance match 
is extremely close. 
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The 
customer 
performed 
extensive 
tester-based 


characterization and qualification of the Atmel device to 
insure 
that 
it was pin-for-pin 
compatible. 
drop-in 


replacement of the original LSI Logic part. The parts were 
then assembled onto boards and tested again. The Atmel 


IndLSI paJtI were interchanged and mixed and matched on 
boanIs. 
The complete system evaluation was performed 


IIId in all tests the Atmel parts proved to be equal or 
superior to the LSI pre array. 
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Performance Improvement 
The second example of ASIC translation presents the 
results of worlc perfonned for a commercial application. 
This design required 
approximately 
8,000 gates, was 


completely synchronous, and was operating at 2S MHz. 
The customer desired an improvement in perfonnance to 
33 MHz. 
To achieve this speed, Atmel compared the 


perfonnance of its cells to those of the original design, as 
samples were not available. This evaluation indicated that 
a 30 to 3S percent speed improvement could be realized 
over the existing design. Atmel also employed higher drive 


Cadence, 
DASIX, 
LSI Logic, Mentor, 
MIF, NDL, NEe, 
Old, Racal- 


Redac. Synopsys, 
TDS, TSSI, Valid, Verilog-XL, 
Veritime 
and 


Viewlogic 
may be registered 
trademarks 
of others. 


cells where appropriate to further enhance perfonnance. 
Extensive board level testing, perfonned by the customer, 
confinned that the Atmel implementation exceeded the 33 
MHz design goal over the rated voltage and temperature 
ranges. 


Atmel's CMOS Gate Array Design Manual provides more 
detailed 
infonnation 
about 
the gate 
arrays, 
design 


methodologies, and individual cell timing, and should be 
used as a reference for evaluating ASIC perfonnance . 
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Introduction 
The A1L series gate arrays use a library of highly accurate cells implemented on 
an advanced l.O~ (drawn) CMOS process. 
The cell library contains over 110 
hard-wired cells which have been characterized through SPICE modeling at the 
transistor level. 
The cells have also been verified through measurements made 
on test arrays over commercial and military temperature and voltage ranges. The 
l.O~ CMOS process is under strict statistical process control to ensure that the 
simulations will accurately predict the performance of the fabricated gate arrays. 


The cell library contains both standard and high drive cells. 
Also included are 
scan cells, and all the cells required to implement IEEE 1149.1 (JTAG) boundary 
scan architecture as well as other testability schemes. New cells are being added 
to the library on a regular basis. Check with your Atmel sales representative for 
the latest list. 
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Cell Index 
(Worst Delays at 1j • 25°C; Vdd • 5.QV; Input Rise and Fall Times. 
1ns; Process. 
Nominal) 


Mtu:rocells in alpha-numeric order 


Output Rising 
Output Failing 
cell Name 
cell 
cell 
Input 
Base 
Load 
Base 
Load 


Description 
Sites 
Signal 
(0$) 
Factor 
(ns) 
Factor 


(nsIFO) 
(nsIFO) 


ADD3 
1 Bit Adder 
6 
P 
1.681 
0.121 
1.782 
0.110 


Q 
0.652 
0.103 
0.725 
0.073 


CI 
0.728 
0.091 
0.785 
0.069 


ADD3X 
1 Bit Adder 
4 
P 
1.245 
0.060 
1.387 
0.050 
with buffered outputs 
Q 
1.243 
0.062 
1.164 
0.048 


CI 
0.772 
0.059 
0.714 
0.050 


AND2 
2 Input AND 
A,B 
0.485 
0.056 
0.501 
0.043 


AND2H 
2 Input AND (high drive) 
A,B 
0.554 
0,028 
0.564 
0.024 


AND3 
3 Input AND 
2 
A·C 
0.689 
0.058 
0.572 
0.046 


AND3H 
3 Input AND (high drive) 
2 
A-C 
0.732 
0.032 
0.618 
0.025 


AND4 
4 Input AND 
2 
A-D 
0.806 
0.063 
0.642 
0.043 


AND4H 
4 Input AND (high drive) 
2 
A-D 
0.861 
0.038 
0.647 
0.026 


AND5 
5 Input AND 
2 
A-E 
0.440 
0.138 
0.447 
0.046 


AOl22 
3 Input AND OR INVERT 
A-C 
0.435 
0.105 
0.348 
0.063 


A0I22H 
3 Input AND OR INVERT 
2 
A-C 
0.405 
0.048 
0.275 
0.035 
(high drive) 


AOl222 
4 Input AND OR INVERT 
2 
A-D 
0.608 
0.105 
0.517 
0.065 


AOl222H 
4 Input AND OR INVERT 
2 
A·D 
0.406 
0.038 
0.428 
0.032 
(high drive) 


A0I2223 
6 Input AND OR INVERT 
2 
A-F 
0.647 
0.105 
0.643 
0.064 


A0I2223H 
6 Input AND OR INVERT 
4 
A-F 
0.892 
0.061 
0.780 
0.044 
(high drive) 


BUFI 
Ix Buffer 
0.372 
0.054 
0.450 
0.040 


BUF2 
2x Buffer 
0.461 
0.026 
0.512 
0.021 


BUF2T 
2x Buffer wI Enable 
2 
I 
0.536 
0.082 
0.676 
0.048 


E 
0.416 
0.080 
0.257 
0.058 


BUF2Z 
2x Buffer wI Enable Low 
2 
I 
0.534 
0.081 
0.677 
0.049 


E 
0.167 
0.061 
0.282 
0.032 


BUF3 
3x Buffer 
2 
0.495 
0.020 
0.547 
0.019 


8-44 
Cell Library Index 


Cell Library Index 


Output Rising 
Output Failing 


cell Name 
cell 
cell 
Input 
Base 
Load 
Base 
Load 


Description 
Sites 
Signal 
(08) 
Factor 
(ns) 
Factor 


(ns/FO) 
(ns/FO) 


BUF4 
4x Buffer 
2 
0.549 
0.016 
0.624 
0.014 


BUPS 
8x Buffer 
3 
0.557 
0.007 
0.636 
0.006 


BUF12 
12x Buffer 
4 
0.565 
0.005 
0.643 
0.004 


BUF16 
16x Buffer 
5 
0.545 
0.004 
0.618 
0.003 


CLA7X 
7 Input Carry 
2 
A-G 
0.816 
0.230 
0.531 
0.105 


Lookahead 


DEC4 
2:4 Decoder 
4 
SO,SI 
0.414 
0.055 
0.430 
0.063 


DEC4N 
2:4 Decoder wI Enable 
4 
SO,SI 
0.868 
0.061 
0.769 
0.066 


Low 
E 
0.449 
0.061 
0.630 
0.065 


DECSN 
3:8 Decoder wI Enable 
12 
SO, SI, S2 
1.303 
0.059 
1.481 
0.084 


Low 
E 
0.767 
0.058 
1.194 
0.086 


DFF 
D Flip-flop 
5 
CLK 
1.009 
0.058 
0.934 
0.048 • 
DFFBCPX 
D Flip-flop 
6 
CLK 
1.218 
0.179 
1.405 
0.194 


wI Clear and Preset 
C 
1.156 
0.175 
0.553 
0.041 


P 
1.151 
0.175 
0.687 
0.043 


DFFBSRX 
D Flip-flop 
6 
CLK 
1.350 
0.179 
1.309 
0.153 


wI Set and Reset 
S 
0.480 
0.056 
1.008 
0.152 


R 
0.623 
0.057 
1.092 
0.154 


DFFC 
D Flip-flop wI Clear 
5 
CLK 
1.069 
0.063 
0.916 
0.049 


C 
0.896 
0.048 


DFFH 
D Flip-flop (high drive) 
5 
CLK 
1.059 
0.029 
0.946 
0.027 


DFFR 
D Flip-flop wI Reset 
5 
CLK 
1.079 
0.061 
0.924 
0.049 


R 
1.215 
0.050 


DFFS 
D Flip-flop wI Set 
5 
CLK 
1.006 
0.058 
0.968 
0.057 


S 
0.754 
0.058 


DFFSR 
D Flip-flop wI Set 
5 
CLK 
1.113 
0.104 
1.009 
0.055 


and Reset 
S 
0.855 
0.104 
R 
0.346 
0.043 


DLY2000 
Delay Buffer 2.0 ns 
3 
2.315 
0.058 
2.166 
0.067 


DLY3500 
Delay Buffer 3.5 ns 
5 
3.388 
0.052 
3.542 
0.059 


DLY8000 
Delay Buffer 8.0 ns 
11 
8.011 
0.052 
7.637 
0.060 


DSS 
Set Scan Register 
6 
CLK 
0.826 
0.069 
0.920 
0.045 


AlmEL 
8-45 


,1.&1, 


Output Rising 
OUtput Failing 


cell Name 
cell 
cell 
Input 
Base 
Load 
Base 
Load 


Description 
Sites 
Signal 
(na) 
Factor 
(ns) 
Factor 


(nsIFO) 
(nsIFO) 


DSSBCPY 
Set Scan Register 
11 
CLK 
1.053 
0.069 
1.253 
0.066 
wI Clear and Preset 
C 
0.773 
0.070 
1.222 
0.049 


P 
0.709 
0.068 
1.304 
0.055 


DSSBR 
Set Scan Register 
9 
CLK 
1.442 
0.075 
1.430 
0.060 
wI Reset 
R 
0.444 
0.070 
0.713 
0.044 


DSSBS 
Set Scan wI Set 
10 
CLK 
1.563 
0.041 
1.696 
0.032 


S 
1.680 
0.028 
1.281 
0.029 


DSSR 
Set Scan Register 
7 
CLK 
0.855 
0.072 
0.899 
0.047 
wlReset 
R 
0.786 
0.046 


DSSS 
Set Scan Register 
7 
CLK 
0.833 
0.067 
0.960 
0.046 
wISe/. 
S 
0.929 
0.066 


DSSSR 
Set Scan Register 
8 
CLK 
0.874 
0.072 
1.036 
0.051 
w/Set and Reset 
R 
0.755 
0.051 


S 
0.393 
0.070 


INVI 
Ix Inverter 
0.250 
0.055 
0.193 
0.045 


INVlD 
Dual 1x Inverter 
IO,Il 
0.250 
0.055 
0.193 
0.045 


INVIQ 
Quad Ix Inverter 
2 
1O-I3 
0.250 
0.055 
0.193 
0.045 


INVITQ 
Quad Tri-state 
5 
1O-I3 
0.199 
0.107 
0.225 
0.064 
Inverter 
EO,El 
0.450 
0.107 
0.558 
0.064 


INV2 
2x Inverter 
0.238 
0.030 
0.168 
0.026 


INV2D 
Dual 2x Inverter 
2 
IO,Il 
0.238 
0.030 
0.168 
0.026 


INV2T 
2x Tristate Inverter 
2 
I 
0.345 
0.048 
0.305 
0.036 


E 
0.287 
0.047 
0.217 
0.041 


INV3 
3x Inverter 
0.227 
0.022 
0.154 
0.020 


INV4 
4x Inverter 
0.214 
0.017 
0.153 
0.016 


INV8 
8x Inverter 
2 
0.178 
0.010 
0.113 
0.010 


INVI0 
lOx Inverter 
4 
0.895 
0.005 
0.858 
0.004 


JKF 
JK Flip-flop 
6 
CLK 
1.067 
0.057 
0.981 
0.047 


JKFBCPX 
JK Flip-flop wI Clear 
CLK 
1.849 
0.061 
1.616 
0.051 
and Preset 
8 
C 
1.280 
0.068 
0.546 
0.050 


P 
1.263 
0.068 
0.774 
0.051 


JKFC 
JK Flip-flop wI Clear 
6 
CLK 
1.125 
0.063 
0.947 
0.048 


CLR 
0.970 
0.047 
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Cell Library Index 


OUtput 
Rising 
OUtput 
Failing 


cell 
Name 
cell 
cell 
Input 
Base 
Load 
Base 
Load 


DescrIption 
Sites 
Signal 
(os) 
Factor 
(ns) 
Factor 


(nsIFO) 
(ns/FO) 


LAT 
LATCH 
3 
D 
0.711 
0.057 
0.817 
0.047 


H 
0.904 
0.057 
0.730 
0.046 


LATB 
LATCH w/Complementary 
3 
D 
1.053 
0.059 
0.920 
0.049 


Output 
H 
1.494 
0.059 
1.225 
0.050 


LATBG 
LATB 
3 
D 
1.155 
0.059 
1.024 
0.050 


wi Inverted Gate Signal 
G 
1.256 
0.062 
1.418 
0.051 


LATBGQ 
QUADLATBG 
9 
00-D3 
1.088 
0.059 
0.888 
0.048 
wi Common Gate Signal 
G 
1.278 
0.059 
1.517 
0.052 


LATBH 
LATCH (high drive) 
4 
D 
1.182 
0.032 
1.027 
0.030 


H 
1.498 
0.032 
1.266 
0.033 


LATIQ 
Quad Inverting 
7 
00-D3 
0.414 
0.054 
0.347 
0.046 


LATCH 
H 
1.009 
0.055 
1.233 
0.043 


LATR 
LATCH wI Reset 
3 
D 
0.843 
0.102 
0.875 
0.047 • 


H 
, 
1.012 
0.102 
0.794 
0.047 


R 
0.352 
0.043 


LATS 
LATCH wi Set 
3 
D 
0.751 
0.058 
1.169 
0.053 


H 
0.911 
0.058 
0.961 
0.055 


S 
0.839 
0.058 


LATSR 
LATCH 
3 
D 
0.876 
0.102 
1.166 
0.054 


wi Set and Reset 
H 
1.019 
0.102 
0.971 
0.056 


S 
0.864 
0.105 
R 
0.352 
0.042 


MUX2 
2:1 MUX 
2 
lO,n 
0.664 
0.058 
0.786 
0.049 


S 
0.611 
0.058 
0.613 
0.048 


MUX2H 
2:1 MUX (high drive) 
2 
lO,n 
0.651 
0.029 
0.770 
0.027 


S 
0.843 
0.029 
0.874 
0.026 


MUX21 
Inverting 2: 1 MUX 
2 
lO,n 
0.391 
0.072 
0.313 
0.050 
w/o Buffered Inputs 
S 
0.612 
0.Q75 
0.548 
0.043 


MUX21H 
Inverting 2: 1 MUX 
2 
lO,n 
0.371 
0.039 
0.269 
0.033 


w/o Buffered Inputs 
S 
0.638 
0.035 
0.528 
0.026 


(high drive) 


MUX2N 
2:1 MUX 
2 
lO,n 
0.742 
0.103 
0.806 
0.050 


wi Enable Low 
S 
0.688 
0.103 
0.636 
0.048 


E 
0.355 
0.099 
0.298 
0.044 


MUX2NQ 
Quad 2:1 MUX 
8 
S 
1.194 
0.106 
1.139 
0.049 


wi Enable Low 
E 
0.813 
0.105 
0.767 
0.047 


I 
0.786 
0.104 
0.907 
0.048 


A1IDEl 
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Output Rising 
Output Failing 


cell Name 
Cell 
Cell 
Input 
Base 
Load 
Base 
Load 
Description 
Sites 
Signal 
(ns) 
Factor 
(ns) 
Factor 


(nsIFO) 
(nsIFO) 


- - 


MUX2Q 
Quad 2:1 MUX 
6 
I 
0.667 
0.058 
0.806 
0.050 


S 
1.059 
0.056 
1.065 
0.050 


MUX31 
Inverting 3: 1 MUX 
3 
10 - 12 
0.558 
0.104 
0.435 
0.063 


w/o Buffered Inputs 
SO,SI 
0.649 
0.104 
0.619 
0.063 


, 


0.033 
MUX3IH 
Inverting 3: 1 MUX 
4 
10 - 12 
0.559 
0.047 
0.433 
w/o Buffered Inputs 
SO,SI 
0.624 
0.049 
0.602 
0.031 


(high drive) 


MUX4 
4:1 MUX 
4 
10-13 
1.091 
0.065 
1.324 
0.059 


SO,SI 
1.135 
0.068 
1.385 
0.061 


MUX4X 
4:1 MUX 
5 
10-13 
0.645 
0.050 
0.758 
0.043 


w/o Buffered Inputs 
SO,SI 
0.953 
0.058 
1.050 
0.047 


MUX4XH 
4:1 MUX 
5 
10-13 
0.680 
0.028 
0.789 
0.026 


w/o Buffered Inputs 
SO,SI 
, 
0.953 
0.Q28 
1.074 
0.029 
(high drive) 


MUX5H 
5:1 MUX (high drive) 
7 
10 - 14 
1.491 
0.030 
1.557 
0.029 


SO- S2 
~ 


1.770 
0.033 
2.132 
0.027 


MUX8 
8:1 MUX 
10 
10 - 17 
I 
1.588 
0.072 
1.862 
0.070 


SO- S2 
2.302 
0.074 
2.527 
0.075 


MUX8N 
8:1 MUX 
10 
10 - 17 
1.753 
0.110 
1.833 
0.Q75 


wi Enable Low 
E 
0.349 
0.102 
0.290 
0.044 


SO - S2 
2.378 
0.109 
2.578 
0.073 


MUX8XH 
8:1 MUX (high drive) 
10 
10-17 
1.014 
0.036 
1.152 
0.033 


SO- S2 
1.598 
0.035 
1.772 
0.035 


I 


NAN2 
2 Input NAND 
A,B 
I 
0.290 
0.056 
0.257 
0.064 


NAN2D 
Dual 2 Input NAND 
2 
AO, AI, BO, Bl 
0.290 
0.056 
0.257 
0.064 


NAN2H 
2 Input NAND (high drive) 
1 
A,B 
0.281 
0.033 
0.229 
0.035 


I 


NAN3 
3 Input NAND 
A-C 
0.394 
0.051 
0.403 
0.080 


NAN3H 
3 Input NAND (high drive) 
2 
A-C 
0.377 
0.031 
0.328 
0.041 


NAN4 
4 Input NAND 
A-D 


I 
0.429 
0.054 
0.578 
0.101 


NAN4H 
4 Input NAND (high drive) 
2 
A·D 
: 
0.354 
0.029 
0.453 
0.050 


NAN5 
5 Input NAND 
3 
A-E 
: 
0.772 
0.055 
1.035 
0.048 


NAN5H 
5 Input NAND (high drive) 
3 
A-E 
0.818 
0.029 
1.089 
0.029 
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Cell Library Index 


OUtput Rising 
Output Failing 


cell Name 
cell 
cell 
Input 
Base 
Load 
Base 
Load 


Description 
Sites 
Signal 
(ns) 
Factor 
(n5) 
Factor 


(nsIFO) 
(nsIFO) 


NAN6 
6 Input NAND 
3 
A-F 
0.841 
0.056 
1.085 
0.047 


NAN6H 
6 Input NAND (high drive) 
3 
A·F 
0.879 
0.030 
1.132 
0.029 


NAN8 
8 Input NAND 
3 
A-H 
0.813 
0.054 
1.061 
0.047 


NAN8H 
8 Input NAND (high drive) 
3 
A-H 
0.911 
0.029 
1.223 
0.029 


NOR2 
2 Input NOR 
A,B 
0.345 
0.100 
0.290 
0.044 


NOR2D 
Dual 2 Input NOR 
2 
AO, AI, BO, BI 
0.345 
0.100 
0.290 
0.044 


NOR2H 
2 Input NOR (high drive) 
A,B 
0.297 
0.046 
0.211 
0.027 


NOR3 
3 Input NOR 
1 
A-C 
0.477 
0.151 
0.312 
0.044 


NOR3H 
3 Input NOR (high drive) 
2 
A-C 
0.447 
0.070 
0.270 
0.028 


NOR4 
4 Input NOR 
A-D 
0.736 
0.196 
0.342 
0.045 • 


NOR4H 
4 Input NOR (high drive) 
2 
A-D 
0.612 
0.094 
0.304 
0.026 


NOR5 
5 Input NOR 
3 
A-E 
1.007 
0.057 
0.714 
0.043 


NOR8 
8 Input NOR 
3 
A-H 
1.263 
0.057 
0.729 
0.044 


NOR16H 
16 Input NOR (high drive) 
6 
IO- 115 
1.724 
0.037 
0.866 
0.026 


OAI22 
3 Input OR AND INVERT 
A-C 
0.466 
0.104 
0.378 
0.063 


OAI22H 
3 Input OR AND INVERT 
2 
A-C 
0.348 
0.049 
0.337 
0.033 
(high drive) 


OAI222 
4 Input OR AND INVERT 
2 
A·D 
0.566 
0.098 
0.584 
0.069 


OAI222H 
4 Input OR AND INVERT 
2 
A·D 
0.448 
0.049 
0.256 
0.035 
(high drive) 


OAI22224 
8 Input OR AND INVERT 
3 
A-H 
1.067 
0.057 
1.070 
0.047 


OAI23 
4 Input OR AND INVERT 
1 
A-D 
0.473 
0.099 
0.555 
0.083 


w/2 Inputs to AND 


ORR2 
2 Input OR 
1 
A,B 
0.493 
0.054 
0.618 
0.046 


ORR2H 
2 Input OR (high drive) 
A,B 
0.534 
0.027 
0.699 
0.026 


ORR3 
3 Input OR 
2 
A-C 
0.498 
0.056 
0.836 
0.052 


ORR3H 
3 Input OR (high drive) 
2 
A-C 
0.553 
0.030 
0.959 
0.031 


AlmEL 
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,1.EL 


OUtput Rising 
Output Failing 
cell Name 
cell 
cell 
Input 
Base 
Load 
Base 
Load 


Description 
Sites 
Signal 
(ns) 
Factor 
(ns) 
Factor 


(ns/FO) 
(ns/FO) 


ORR4 
4 Input OR 
2 
A-D 
0.566 
0.059 
1.217 
0.059 


ORR4H 
4 Input OR (high drive) 
2 
A-D 
0.590 
0.031 
1.344 
0.036 


ORR5 
5 Input OR 
2 
A-E 
0.588 
0.054 
0.701 
0.088 


XNR2 
2 Input Exclusive NOR 
2 
A,B 
0.456 
0.100 
0.508 
0.062 


XNR2H 
2 Input Exclusive NOR 
2 
A,B 
0.866 
0.031 
0.898 
0.028 
(high drive) 


XOR2 
2 Input Exclusive OR 
2 
A.B 
0.693 
0.099 
0.640 
0.065 


XOR2H 
2 Input Exclusive OR 
2 
A,B 
0.698 
0.032 
0.713 
0.030 
(high drive) 
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Cell Library Index 


I/O cells 
Sample of buffers composed of modular 00 building blocks 


OUtput Rising 
OUtput Failing 
cell 
cell 
Input 
Base 
·Load 
Base 
·Load 
Name 
Description 
Signal 
(ns) 
Factor 
(ns) 
Factor 


PDIabccde 
Input Buffers 


PDICbcce 
P 
0.434 
0.00770 
0.403 
0.00680 
PDICbccSe 
1.741 
0.01000 
2.041 
0.00900 
PDITbcce 
0.323 
0.00872 
0.646 
0.00984 
PDITbccSe 
1.102 
0.00900 
2.562 
0.00900 


PDIabccdeI 
Inverting Input Buffers 


PDICbcceI 
P 
0.100 
0.02069 
0.093 
0.02476 


PDabb 
Oueput Buffers 
P0021 
AD 
1.429 
0.06543 
1.179 
0.07107 
PD04 
0.587 
0.03240 
0.712 
0.03600 
POO51 
1.037 
0.02678 
1.085 
0.02734 
P0061 
0.670 
0.02620 
0.854 
0.02390 
POO71 
0.755 
0.02553 
0.867 
0.02099 
PDT3 
1.720 
0.04349 
1.260 
0.04865 
PDT4 
1.775 
0.03270 
1.372 
0.03630 • 


PDK3 
Clock Buffer 
0.498 
0.00274 
0.435 
0.00312 


PDTI 
EO 
1.665 
0.04358 
0.862 
0.04870 
PDT4 
1.789 
0.03270 
0.941 
0.03660 


PDTI 
El 
1.628 
0.04348 
1.131 
0.04870 
PDT4 
1.742 
0.03260 
1.222 
0.03660 


PDBaabcddef 
Bi-directional 
Buffers 


PDBaaCcddf 
P 
0.434 
0.00770 
0.403 
0.00680 
PDBaaTcddf 
0.323 
0.00872 
0.646 
0.00984 


PDB2Ccddef 
AD 
1.601 
0.06520 
1.218 
0.07120 
PDB2Tcddef 
1.601 
0.06520 
1.218 
0.07120 
PDB31Ccddef 
1.455 
0.06522 
1.513 
0.04749 
PDB3Tcddef 
1.720 
0.04349 
1.260 
0.04865 
PDB4Ccddef 
1.775 
0.03270 
1.372 
0.03630 
PDB4Tcddef 
1.775 
0.03270 
1.372 
0.03650 
PDB52Ccddef 
1.777 
0.03270 
1.428 
0.00292 
PDB52Tcddef 
1.777 
0.03270 
1.428 
0.00292 
PDB62Ccddef 
1.732 
0.02209 
1.544 
0.02419 
PDB62Tcddef 
1.732 
0.02209 
1.544 
0.02419 


PDB2bcddef 
EO 
1.554 
0.06540 
0.772 
0.07270 
PDB31bcddef 
1.431 
0.06547 
1.218 
0.04869 
PDB3bcddef 
1.665 
0.04358 
0.862 
0.04870 
PDB4bcddef 
1.789 
0.03270 
0.941 
0.03660 
PDB52bcddef 
1.790 
0.03270 
1.036 
0.02930 
PDB62bcddef 
1.796 
0.02612 
1.132 
0.02473 


·Load Factor is nsIFO for input and clock buffers and ns/pF for output buffers. 
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8-51 


Output Rising 
Output Failing 
cell 
cell 
Input 
Base 
"Load 
Base 
"Load 
Name 
Description 
Signal 
(ns) 
Factor 
(ns) 
Factor 


PDB2bcddef 
El 
1.523 
0.06530 
1.040 
0.07300 
PDB31bcddef 
1.389 
0.06535 
1.372 
0.04870 
PDB3bcddef 
1.628 
0.04348 
1.131 
0.04870 
PDB4bcddef 
1.742 
0.03260 
1.222 
0.03660 
PDB52bcddef 
1.743 
0.03260 
1.300 
0.02940 
PDB62bcddef 
2.216 
0.02601 
1.362 
0.02469 
PDBaabcddeN 
E2 
0.119 
0.08686 
0.200 
0.10140 
PDBaabcddeN 
AlO 
0.148 
0.08722 
0.133 
0.10310 


PSBaabcddef 
Bi-dinx:tional 
Buffers 


PSBaaCcddef 
P 
1.741 
0.01000 
2.041 
0.00900 
PSBaaTcddef 
1.102 
0.00900 
2.562 
0.00900 


PSB9CcddS 
AO 
1.840 
0.01503 
1.560 
0.01564 
PSB91CcddS 
2.291 
0.04360 
3.162 
0.02118 
PSB9TcddS 
1.840 
0.01503 
1.560 
0.01564 
PSB91TcddS 
2.291 
0.04360 
3.162 
0.02118 


PSB9bcddef 
EO 
1.976 
0.01503 
1.120 
0.01664 
PSB91bcddef 
2.313 
0.04369 
1.729 
0.01910 


PADCIabb 
Input Buffers 
PADCIThb 
P 
0.639 
0.01130 
0.650 
0.00906 


PADCabc 
Output Buffers 
PADC022 
AO 
0.969 
0.06030 
1.116 
0.07890 
PADCT44 
1.015 
0.03030 
1.119 
0.04000 
PADCT66 
1.040 
0.02050 
1.095 
0.02660 


PADCT44 
E 
1.004 
0.02960 
1.178 
0.04000 
PADCT66 
1.060 
0.01970 
1.176 
0.02710 


PADCBabcdd 
Bi-directional 
Buffers 


PADCBabTdd 
P 
0.639 
0.01130 
0.650 
0.00906 


PADCB22Tdd 
AO 
0.969 
0.06030 
1.116 
0.07890 
PADCB33Tdd 
1.018 
0.04010 
1.145 
0.05270 


PADCB22Tdd 
E 
0.976 
0.05810 
1.135 
0.07940 
PADCB33Tdd 
0.988 
0.03950 
1.119 
0.05330 


PADCXabc 
Oscillator Buffers 
PADCX22C 
PI 
0.295 
0.06780 
0.277 
0.07500 


PADIabb 
Input Buffers 
PADICbb 
P 
0.959 
0.01020 
1.077 
0.01020 
PADIThb 
0.639 
0.01130 
0.650 
0.00906 


·Load Factor is ns/FO for input buffers and ns/pF for oUlputbuffers. 
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Cell Library Index 


Cell Library Index 


OUtput Rising 
Output Failing 


cell 
cell 
Input 
Base 
·Load 
Base 
·Load 


Name 
Description 
Signal 
(ns) 
Factor 
(ns) 
Factor 


PAOOab 
Output Buffers 
PAOO22 (4 mA) 
AO 
0.969 
0.06030 
1.116 
0.07890 
PAOO33 (6 mA) 
1.018 
0.04010 
1.145 
0.05270 


PAD044 
(8 mA) 
1.015 
0.03030 
1.119 
0.04000 


PAD066 
(12 mA) 
1.040 
0.02050 
1.095 
0.02660 


PAOO88 (16 mA) 
1.048 
0.01586 
1.122 
0.02009 


PADTab 
Tn-state Output Buffers 
PADT22 (4 mA) 
AO 
0.969 
0.06030 
1.116 
0.07890 


PADT33 (6 mA) 
1.018 
0.04010 
1.145 
0.05270 


PADT44 (8 mA) 
1.015 
0.03030 
1.119 
0.04000 


PADT66 (12 mA) 
1.040 
0.02050 
1.095 
0.02660 


PADTCC (24 mA) 
1.141 
0.00995 
1.211 
0.01313 


PADT22 (4 mA) 
E 
0.976 
0.05810 
1.135 
0.07940 


PADT33 (6 mA) 
0.988 
0.03950 
1.119 
0.05330 


PADT44 (8 mA) 
1.004 
0.02960 
1.178 
0.04000 


PADT66 (12 mA) 
1.060 
0.01970 
1.176 
0.02710 


PADTCC (24 mA) 
1.085 
0.01027 
1.082 
0.01550 • 


PADBabcdd 
Bi-directional 
Buffers 
PADBabCdd 
P 
0.959 
0.01020 
1.077 
0.01020 


PADabTdd 
0.639 
0.01130 
0.650 
0.00906 


PADB22cdd 
(4 mA) 
AO 
0.%9 
0.06030 
1.116 
0.07890 


PADB22Tdd 
(4 mA) 
0.969 
0.06030 
1.116 
0.07890 


PADB33Tdd 
(6 mA) 
1.018 
0.04010 
1.145 
0.05270 


PADB44Tdd 
(8 mA) 
1.015 
0.03030 
1.119 
0.04000 


PADB66Tdd 
(12 mA) 
1.040 
0.02050 
1.095 
0.01313 


PADB22cdd 
E 
0.976 
0.05810 
1.135 
0.07940 


PADB22Tdd 
0.976 
0.05810 
1.135 
0.07940 


PADB33Tdd 
0.988 
0.03950 
1.119 
0.05330 


PADB44Tdd 
1.004 
0.02960 
1.178 
0.04000 
PADB66Tdd 
1.060 
0.01970 
1.176 
0.02710 


PADXabc 
Oscillator Buffers 
PADX22C 
PI 
0.959 
0.01020 
1.077 
0.01020 


AlmEL 


cell DescriptIOn 
MSI Pan Number 


4232 And Or Invert 


DFF 


]KBarFF 


3 to 8 Decoder 


Dual 2 to 4 Decoder 


8 to 3 Priority Encoder 


8tolMUX 


4tolMUX 


Quad 2 to I MUX 


Quad Inverting 2 to I MUX 


4 BIT Binary Counter 


8 BIT Serial in Parallel Out Shift Register 


8 BIT Parallel Load Shift Register 


4 BIT U/D Counter 


HexDFF 


4 BIT BiOi Shift Register 


OctalDFF 


9 BIT Parity Generator 


4 BIT Fast Adder 


8 BIT Comparator 


9 BIT DFF 


8BITDFF 


4 BIT Magnitude Comparator 


Quad 2 Input Ex OR 


Similar to 
MSI Pan Number 


74ALS64 


74ALS74 


74ALSI09 


74ALS138 


74ALSI39 


74ALSI48 


74ALSISI 


74ALSIS3 


74ALSIS7 


74ALSIS8 


74ALSI61 


74ALSI64 


74ALSI66 


74ALSI69 


74ALS174 


74ALSl94 


74ALS273 


74ALS280 


74ALS283 


74ALS688 


74ALS823 


74ALS82S 


74ALS8S 


74ALS86 


AT64 


AT74 


ATl09 


ATl38 


AT139 


ATl48 


ATlSI 


ATlS3 


ATlS7 


ATlS8 


ATl61 


ATl64 


ATl66 


ATl69 


ATl74 


ATl94 


AT273 


AT280 


AT283 


AT688 


AT823 


AT82S 


AT8S 


AT86 


8-54 
Cell Library Index 


HDL Macros 
Available in Verilog· HDL or VHDL Simulation Models 
Function Group (Directory): adkr 


Cell Library Index 


cell Name 
MSI Pan Number 


c_add 


c_addl2 


c_addl6 


c_add20 


c_add24 


c_add28 


c_add32 


c_add4 


c_add8 


cia 


c1a12 


c1a16 


claW 


cla24 


cla28 


cla32 
c1a4 


c1a8 


8-addl6 


8-add24 


8-add32 


8-add8 


8-add9 


gen.J>fOP 


gen-propl2 


gen-propl6 


gen-prop20 


gen-prop24 


gen-prop28 


gen-prop32 


gen-pr0p4 


gen-propS 


gla16 


gla16x 


gla8 


gla8x 


gla9 


2's complement carry look-ahead adder 


2's complement carry look-ahead 12 bit adder 


2's complement carry look-ahead 16 bit adder 


2's complement carry look-ahead 20 bit adder 


2's complement carry look-ahead 24 bit adder 


2's complement carry look-ahead 28 bit adder 


2's complement carry look-ahead 32 bit adder 


2's complement carry look-ahead 4 bit adder 


2's complement carry look-ahead 8 bit adder 


Carry look-ahead 


Carry look-ahead for 12 bit adder 


Carry look-ahead for 16 bit adder 


Carry look-ahead for 20 bit adder 


Carry look-ahead for 24 bit adder 


Carry look-ahead for 28 bit adder 


Carry look-ahead for 32 bit adder 


2's complement carry look-ahead 4 bit adder 


2's complement look-ahead for 8 bit adder 


2's complement group look-ahead 16 bit adder 


2's complement group look-ahead 24 bit adder 


2's complement group look-ahead 32 bit adder 


2's complement group look-ahead 8 bit adder 


2's complement group look-ahead 9 bit adder 


Carry generate and propagate 


Carry generate and propagate for 12 bit adder 


Carry generate and propagate for 16 bit adder 


Carry generate and propagate for 20 bit adder 


Carry generate and propagate for 24 bit adder 


Carry generate and propagate for 28 bit adder 


Carry generate and propagate for 32 bit adder 


Carry generate and propagate for 4 bit adder 


Carry generate and propagate for 8 bit adder 


Group look-ahead for 16 bit adder 


Group look-ahead of 16 bits for second stage 


Group look-ahead for 8 bit adder 


Group look-ahead of 8 bits for second stage 


Group look-ahead for 9 bit adder 


AlmEL 


• 


HDL Macros 
Available in Verilog. 
HDL or VHDL Simulation Models 


Function Group (Directory): alu 


ceUName 
MSI Part Number 
alul6a 


alul6ap 


alul6op_a 


alul6op_ap 


alul6op_t 


alul6op_lp 


alu16tp 


alu32a 


alu32ap 


alu32op_a 


alu32op_ap 


alu32op_t 


alu8a 


aluSa_dcod 


alu8ap 


alu8op_a 


alu8op_ap 


alu8t_dcod 
alu...g16 


alu...g16p 


alu...g32 


alu...g32p 


alu...g8 


alu...g8p 


alu...g116 


alu...g132 


alu...g18 


alu...glxl6 


get16msb 


16 bit arith logic unit 


16 bit arith logic unit with parity prediction 


16 bit arith logic unit pre-operation 


16 bit pre-operation with parity prediction 


16 bit t type alu pre-opention 


16 bit t type pre_op with parity prediction 


16 bit t type alu, with parity IRdiction 


32 bit arith logic unit 


32 bit arith logic unit with parity prediction 


32 bit arith logic unit pre-operation 


32 bit pre-operation with parity prediction 


32 bit type t alu pre-opention 


8 bit arith logic unit 


arith logic unit operand decoder 


8 bit arith logic unit with parity IRdiction 


8 bit arith logic unit pre-operation 


8 bit arith logic unit parity prediction 


t type arith logic unit operand decoder 


16 bit adder for alu 


16 bit parity prediction for adder 


32 bit group look-ahead adder fCKalu 


32 bit parity prediction for adder 


8 bit adder fCKalu 


8 bit parity prediction fCK adder 


16 bit group look-ahead fCK alu, 1st stage 


32 bit group look-ahead fCKalu, 1st stage 


8 bit group look-ahead for alu, 1st stage 


16 bit group look-ahead for alu, 2nd stage 


One hot 16 bit priority encoder 


8-56 
Cell Library Index 


HDL Macros 
Available in Verilog - HDL or VHDL Simulation Models 
Function Group (Directory): baud rate generator 


Cell Library Index 


cell 
Name 
MSI Part Number 


brg16l 


brg 16r 


dpll 


Baud Rate Generator, 
16 bit prog. (tc latch) 


Baud Rate Generator, 
16 bit prog. (tc register) 


Digital Phase Lock Loop 


Cell Name 
MSI Part Number 


ecmp 


ecmp12 


ecmp16 


ecmp20 


ecmp24 


ecmp28 


ecmp32 


ecmp4 


ecmp8 


mcmp12 


mcmp16 


mcmp20 


mcmp24 


mcmp28 


mcmp32 


mcmp4 


mcmp4i 


mcmp8 


Expandable equality comparator 


12 bit equality comparator 


16 bit equality comparator 


20 bit equality comparator 


24 bit equality comparator 


28 bit equality comparator 


32 bit equality comparator 


4 bit equality comparator 


8 bit equality comparator 


12 bit magnitude comparator 


16 bit magnitude comparator 


20 bit magnitude comparator 


24 bit magnitude comparator 


28 bit magnitude comparator 


32 bit magnitude comparator 


4 bit magnitude comparator 


Intemal4 
bit magnitude comparator 


8 bit magnitude comparator 
• 


AlmEL 


AlmEL 


HDL Macros 
Available in Verilog • HDL or VHDL Simulation Models 
Function Group (Directory): counter 


cell 
Name 
MSI Pan Number 


csbda 


csbds 


csbdxa 


csbdxs 


csblda 


csblds 


csbldxa 


csbldxs 


csblpa 


csblps 


csblpxa 


csblpxs 


csblua 


csblus 


csbluxa 


csbluxs 


csbpa 


csbps 


csbpxa 


csbpxs 


csbua 


csbus 


csbuxa 


csbuxs 


csvblu 


csvblup 


csvblupd 


Synchronous 
Down Center Asynchronous 
Preset 


Synchronous Down Center Synchronous Preset 


Expandable Synchronous 
Binary Down Cenetr Asynchronous 
Preset 


Expandable Synchronous 
Binary Down Center Synchronous 
Preset 


Synchronous 
Binary Loadable Down Center Asynchronous 
Preset 


Synchronous 
Binary Loadable Down Center Synchronous 
Preset 


Expandable Synchronous 
Binary Loadable Down Center Asynchronous 
Preset 


Expandable Synchronous Loadable Binary Down Center Sinchronous Preset 


Sinchronous Binary Loadable Up!Down Center Asynchronous 
Clear/Preset 


Synchronous 
Binary Loadable Up/Down Center Synchronous 
Clear/Preset 


Expandable Synchronous 
Binary Loadable Up Center Asynchronous 
Clear 


Expandable Synchronous 
Binary Loadable Up Center Synchronous 
Clear 


Synchronous 
Binary Loadable Up Center Asynchronous 
Clear 


Synchronous 
Binary Loadable Up Center Synchronous 
Clear 


Expandable Synchronous 
Binary Loadable Up Center Asynchronous 
Clear 


Expandable Synchronous Loadable Binary Up Center Synchronous 
Clear 


Synchronous 
Binary Up/Down Center Asynchronous 
Clear/Preset 


Synchronous 
Binary Up/Down Center Synchronous 
ClearJPreset 


Expandable Synchronous Binary Up Center Asynchronous 
Clear 


Expandable Synchronous 
Binary Up Center Synchronous 
Clear 


Synchronous 
Binary Up Center Asynchronous 
Clear 


Synchronous 
Binary Up Center Synchronous 
Clear 


Expandable Synchronous 
Binary Up Center Asynchronous 
Clear 


Expandable Synchronous 
Binary Up Center Synchronous 
Clear 


Synchronous 
Variable Binary Loadable Up Center 


Synchronous 
Variable Binary Loadable Up Center W/Parity 


Synchronous 
Variable Binary Loadable Up Center W/Parity and Difference 


8-58 
Cell Library Index 


Cell Library Index 


HOL Macros 
Available in Verilog. 
HDL or VHDL Simulation Models 


Function Group (Directory): Fifo 


Cell Name 
MSI Part Number 


aCct13 


aCct18 


dx8_16s 


f16w3da 


f16w4d2cs 


f16w4ds 


f16w8d2cs 


f16w8da 


f16w8ds 


f18w3da 


f18w4d2cs 


f18w4ds 


f18w8d2cs 


f18w8da 


f18w8ds 


f32w3da 


f32w4d2cs 


f32w4ds 


f32w8d2cs 


f32w8da 


f32w8ds 


f36w3da 


f36w4d2cs 


f36w4ds 


f36w8d2cs 


f36w8da 


f36w8ds 


f8il6w4d2cs 


f8w3da 


f8w4d2cs 


f8w4ds 


f8w8d2cs 


f8w8da 


f8w8ds 


f9w3da 


f9w4d2cs 


f9w4ds 


f9w8d2cs 


Control for 3 deep asynchronous 
fifo's 


Control for 8 deep asynchronous 
fifo's 


Data expander for synchronous 
fifo front end 


Asynchronous 
16 bit wide, 3 byte deep flfo 


Synchronous 4 byte deep fifo, independent read/write control 


Synchronous 
16 bit wide, 4 byte deep fifo 


Synchronouse 
8 byte deep fifo, independen read/write control 


Asynchronous 
16 bit wide, 8 byte deep fifo 


Synchronous 
16 bit wide, 8 byte deep flfo 


Asynchronous 
18 bit wide, 3 byte deep flfo 


Synchronous 4 byte deep fifo, independent 
read/write control 


Synchronous 
18 bit wide, 4 byte deep flfo 


Synchronous 
8 byte deep fifo, independent read/write control 


Asynchronous 
18 bit wide, 8 byte deep fifo 


Synchronous 
18 bit wide, 8 byte deep flfo 


Asynchronous 
32 bit wide, 3 byte deep fifo 


Synchronous 4 byte deep fifo, independent 
read/write control 


Synchronous 
32 bit wide, 4 byte deep fifo 


Synchronous 
8 byte deep fifo, independent 
read/write control 


Asynchronous 
32 bit wide, 8 byte deep flfo 


Synchronous 
32 bit wide, 8 byte deep flfo 


Asynchronous 
36 bit wide, 3 byte deep flfo 


Synchronous 4 byte deep fifo, independent 
read/write control 


Synchronous 
36 bit wide, 4 byte deep fifo 


Synchronous 
8 byte deep fifo, independent 
read/write control 


Asynchronous 
36 bit wide, 8 byte deep fifo 


Synchronous 
36 bit wide, 8 byte deep flfo 


Synchronous 4 byte deep fifo, independent 
read/write control 


Asynchronous 
8 bit wide, 3 byte deep fifo 


Synchronous 4 byte deep fifo, independent read/write control 


Synchronous 
8 bit wide, 4 byte deep fifo 


Synchronous 
8 byte deep fifo, independent read/write control 


Asynchronous 
8 bit wide, 8 byte deep fifo 


Synchronous 
8 bit wide, 8 byte deep fifo 


Asynchronous 
9 bit wide, 3 byte deep fifo 


Synchronous 4 byte deep fifo, independent read/write control 


Synchronous 9 bit wide, 4 byte deep fifo 


Synchronous 
8 byte deep fifo, independent 
read/write control 


AlmEL 
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AlmEL 


HDL Macros 
Available in Verilog· HDL or VHDL Simulation Models 
Function Group (Directory): fifo (continued) 


cell Name 
MSI Part Number 


f9wSda 


f9w8ds 


Itwd16 


Itwdl8 


Itwd32 


Itwd36 


Itwd8 


Itwd9 


regwdl6 


regwdl8 


regwd32 


regwd36 


regwd8 


regwd9 


rw...Jltr4 


rw...Jltr8 


sCcti4 


sCcti8 


Asynchronous 
9 bit wide, 8 byte deep fifo 


Synchronous 
9 bit wide, 8 byte deep fifo 


Two byte latch for asynchronous 
fifo's 


Eighteen bit latch for asynchronous 
fifo's 


Four byte latch for asynchronous 
fifo's 


Thirty six bit latch for asynchronous 
fifo's 


One byte latch for asynchronous 
fifo's 


Nine bit latch for asynchronous 
fifo's 


Two byte register for synchronous 
fifo's 


Eighteen bit register for synchronous 
fifo's 


Four byte register for synchronous 
fifo's 


Thirty six bit register for synchronous 
fifo's 


One byte register for synchronous 
fifo's 


Nine bit register for synchronous fifo's 


read/write control for 4 deep synchronous 
fifo 


read/write control for 8 deep synchronous 
fifo 


Control for 4 deep synchronous 
fifo w/independent 
read/write control 


Control for 8 deep synchronous 
fifo w/indepependent 
read/write control 


cell Name 
MSI Part Number 


decl2 


dec12p 


dec13 


dec13p 


dec16 


dec16p 


dec24 


dec24p 


dec32 


dec32p 


dec4f 


dec4fp 


dec4x 


dec4xp 


Twelve bit decrementer 


Twelve bit decrementer with parity prediction 


Thirteen bit decrementer 


Thirteen bit decrementer with parity prediction 


Sixteen bit decrementer 


Sixteen bit decrementer with parity prediction 


Twenty four bit decrementer 


Twenty four bit decrementer 
with parity prediction 


Thirty two bit decrementer 


Thirty two bit decrementer with parity prediction 


Four bit decrementer, 
for first stage 


Four bit decrementer parity predictor, for 1st stage 


Four bit decrementer, 
extendable 


Four bit decrementer parity predictor, for 2nd + stages 
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Cell Library Index 


Cell Library Index 


HDL Macros 
Available in Verilog - HDL or VHDL Simulation Models 
Function 
Group (Directory): 
inc_dec (continued) 


cell Name 
MSI Part Number 


dec5f 


dec5fp 


dec5x 


dec5xp 


dec8 


dec8p 


idecl2 


idee12p 


idee 13 


ideel3p 


ideel6 


ideel6p 


idee24 


idec24p 


idec32 


idee32p 


idec4f 


idec4fp 


idec4x 


idec4xp 


idec5f 


idee5fp 


idec5x 


idec5xp 


idee8 


idee8p 


incl2 


incl2p 


incl3 


incl3p 


incl6 


incl6p 


inc24 


inc24p 


inc32 


inc32p 


inc4f 


inc4fp 


Five bit decrementer, 
for fust stage 


Five bit decrementer parity predictor, for 1st stage 


Five bit decrementer, 
extendable 


Five bit decrementer parity predictor, for 2nd + stages 


Eight bit decrementer 


Eight bit decrementer with parity prediction 


Twelve bit incrementer/decrementer 


Twelve bit incrementer/decrementer 
with parity prediction 


Thirteen bit incrementer/decrementer 


Thirteen bit incrementer/decrementer 
with parity prediction 


Sixteen bit incrementer/deerementer 


Sixteen bit incrementer/decrementer 
with parity prediction 


Twenty four bit incrementer/deerementer 


Twenty four bit incrementer/decrementer 
with parity prediction 


Thirty two bit incrementer/decrementer 


Thirty two bit incrementer/decrementer 
with parity prediction 


Four bit incrementer/decrementer 
for 1st stage 


Four bit incrementer/decrementer 
parity predictor, 
1st stage 


Four bit incrementer/decrementer, 
extendable 


Four bit incrementer/decrementer 
parity predictor, 2nd + stages 


Five bit incrementer/decrementer, 
for 1st stage 


Five bit incrementer/decrementer 
parity predictor, 
1st stage 


Five bit incrementer/decrementer, 
extendable 


Five bit incrementer/decrementer 
parity predictor, 2nd + stages 


Eight bit incrementer/decrementer 


Eight bit incrementer/decrementer 
with parity prediction 


Twelve bit incrementer 


Twelve bit incrementer with parity prediction 


Thirteen bit incrementer 


Thirteen bit incrementer with parity prediction 


Sixteen bit incrementer 


Sixteen bit incrementer with parity prediction 


Twenty four bit incrementer 


Twenty four bit incrementer with parity prediction 


Thirty two bit incrementer 


Thirty two bit incrementer with parity prediction 


Four bit incrementer, 
for fll'st stage 


Four bit incrementer parity predictor, for fll'st stage 


• 


AlmEL 


AlmEL 


HDL Macros 
Available in Verilog - HDL or VHDL Simulation Models 
Function 
Group (Directory): 
inc_dec (continued) 


cell Name 
MSI Pan Number 
inc4x 


inc4xp 


inc5f 


inc5fp 


inc5x 


inc5xp 


inc8 


inc8p 


Four bit incrementer, extendable 


Four bit incrementer parity p-edictor, for 2nd + stages 


Five bit incrementer, for first stage 


Five bit incrementer parity predictor, for first stage 


Five bit incrementer, extendable 


Five bit incrementer parity predictor, for 2nd + stages 


Eight bit incrementer 


Eight bit incrementer with parity prediction 


cell Name 
MSI Pan Number 


mx2X 


mx3X 


mx4X 


mx5X 


mx6X 


mx7X 


mx8X 


4 bit wide, non-inverting 2 to 1 mux 


4 bit wide, non-inverting 3 to 1 mux 


4 bit wide, non-inverting 4 to 1 mux 


4 bit wide, non-inverting 5 to 1 mux 


4 bit wide, non-inverting 6 to 1 mux 


4 bit wide, non-inverting 7 to 1 mux 


4 bit wide, non-inverting 8 to 1 mux 
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Cell Library Index 


HDL Macros 
Available in Verilog· 
MDL or VHDL Simulation Models 
Function Group (Directory): par_ecc 


cell 
Name 
MSI Part 
Number 


ecc32cd 


ecc32cd 


ecc32c1 


ecc32g1 


epl2gv 


ep13gv 


ep16gv 


eparl2chk 


epar12gen 


eparl3chk 


epar13gen 


epar16gen 


eparXchk 


eparXgen 


Opar16gen 


32 Bit ECC Corrector Decoder 


32 Bit ECC Corrector Decoder 


ECC Corrector for 32 Bit Data (latched inputs) 


ECC Generator for 32 Bit Data (latched inputs) 


Even Parity Vector Generator for 12 bit Input 


Even Parity Vector Generator for 13 bit Input 


Even Parity Vector Generator for 16 bit Input 


Even Parity Checker W(fest 
Input for 12 Bits 


Even Parity Generator for 12 bit Input 


Even Parity Checker W(fest Input for 13 Bits 


Even Parity Generator for 13 bit Input 


Even Parity Generator for 16 bit Input 


Even Parity Checker W(fest In for Small Widths 


Even Parity Generator for Small Data Widths 


Odd Parity Generator for 16 bit Input 
• 


cell 
Name 
MSI Part 
Number 


bypass_reg 


dr3soc 


dr3socct 


dr3socoep 


drocnointest 


idreg 


BYPass Register Cell 


Data Register 3-State Output Cell 


Data Register 3-State Output Cell w/full EXTEST & IN1EST Support 


Data Register 3-State Output Cell with Output Enable from System Pin and 


Supporting IN1EST Instruction 


Data Register Input or Output Cell 


Data Register Input or Output Cell 


Data Register Input Cell 


Data Register Input Cell Forcing a 'I' during EXTEST 


Data Register Input Cell with Parallel Output Register 


Data Register Input Cell Allowing Signal Capture Only Used when 


Implementing 
Only the Mandatory Instructions 


Data Register Bi-Directional 
Output Enable Cell 


Data Register Cell at Bi-Directional 
Pin when only Mandatory 


Instructions are Implemented 


Data Register Output Cell without IN1EST Support 


ID Register 


drbic 


drCoc 


dric 


dricfl 


dricpo 


dricsco 


driocc 


drmanbic 
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NUL Macros 
Available in Verilog· 
HDL or VHDL Simulation Models 


Function Group (Directory): scan (JTAG·1EEE SId 1149.1·1990) (continued) 


Cell Name 
MSI Part Number 
idusreg 


instreg 


min_instreg 


lap_controller 


tap_decode 


tap_mindecode 


bscb 


bscbX 


bscc 


bsccV 


bsci 


bsciX 


bsco 


bscoX 
sdlregX 


sdregX 


sregX 


IDCODE and USERCODE Registers 


Instruction Register for both Mandatory and Optional instructions. 


A RESET will load the IDCODE instruction 


Instruction Register for Mandatory Instruction Only 


Tap Controller Cell 


Instruction Register Decoder for all Public Instruction 


Instruction Register fDecoder or Mandatory Instructions Only 


boundary Scan Cell for Bi-Directionai pad 


boundary Scan Cells for Bi Directional pads 


boundary Scan Control Cell 


boundary Scan Control Cell with vectored output 


boundary Scan Cell for Input pin 


boundary Scan Cells for Input pins 


boundary Scan Cell for Output pin 


boundary Scan Cells for Output pins 


Scan register with data input and load control 


Scan register with data input 


Scan register without data input 


Cell Name 
MSI Part Number 
bshiftI6 


bshiftI6a 


bshiftI61 


bshift32 


bshift32a 


bshift321 


bshift8 


bshift8a 


bshift81 


16 bit barrel shifter - logical and arithmetic 


16 bit arithmetic barrel shifter 


16 bit logical barrel shifter 


32 bit barrel shifter - logical and arithmetic 


32 bit arithmetic barrel shifter 


32 bit logical barrel shifter 


8 bit barrel shifter - logical and arithmetic 


8 bit arithmetic barrel shifter 


8 bit logical barrel shifter 


8-64 
Cell Library Index 


Cell Library Index 


HDL Macros 
Available in Verilog· 
HDL or VHDL Simulation Models 
Function Group (Directory): multipliers 


cell Name 
MSI Pan Number 


mlOxlOpl 


m12xlOpl 


m12x8p2 


m8x8pl 


m16x16pl 


m16x8pl 


ml2x12pl 


ml2xl4 


ml6x12p2 


m8x8p3 


10 x 10 booth bit...jlair recoded multiplier with one pipeline 


12 x 10 booth bit...jlair recoded multiplier with one pipeline 


12 x 8 booth bit-IJair recoded multiplier with two pipelines 


8 x 8 booth bit--Jlllirrecoded multiplier with one pipeline 


16 x 16 booth bitJl3ir 
recoded multiplier with one pipeline 


16 x 8 booth bit.Jlair recoded multiplier with one pipeline 


12 x 12 booth bit--Jlllirrecoded multiplier with one pipeline 


12 x 14 booth bit...jlair recoded multiplier 


16 x 12 booth bit...jlair recoded multiplier with two pipelines 


8 x 8 booth bicpair 
recoded multiplier with three pipelines 
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8-66 
Cell Library Index 
IIiIIiIIIiII 
_ 


CMOS Logic 


AT403918/392 
AT40493/392 
AT40495/392 
AT40498 
AT40281 


AT40283 
AT40206 
AT43216 
AT40957/8/9 


80386DX PC/AT Chip Set 
9-3 


80486 PC/AT Chip Set 
9-9 


80486SX PC/AT Chip Set 
9-15 


80486 Core Logic Controller 
9-17 


80386SX PC/AT Core Logic Controller, 
with Posted-Write Cache 
9-21 


80386SX PC/AT Core Logic Controller 
9-25 


Integrated Peripheral Controller for PC/AT 
9-29 


Single-Chip Fast SCSI Controller 
9-33 


EISAIISA PC/AT Chip Set 
9-37 
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Features 


• 
Two-Chip 
PCIAT Compatible 
Chip Set for 80386DX Systems 
Operating 
up to 40 MHz 
AT40391B 
System 
and cache 
Controller 
AT40392 
Data Buffer 
Controller 
• 
Two 160-Pln Quad Flatpacks 
• 
On-Chip 
Support 
for Direct-Mapped 
Write-Back 
cache 
• 
0 Walt State cache 
Read Hit and Programmable 
011 Walt State 
cache 
Write Hit 
• 
Two Programmable 
Non-Cacheable 
Regions 
• 
On-Chip 
Tag Comparator 
• 
Burst LIne Fill During 
Cache Read Misses 
• 
Page Mode Main Memory 
Operation 
with Programmable 
Walt States 
Supporting 
Platform 
Memory 
Sizes up to 64 Mbytes 
• 
Support 
for 256K, l-Mblt 
and 4-Mblt 
DRAMs 
• 
Low Power 
CAS# Before 
RAS#, Transparent 
DRAM Refresh 
• 
Low Power, 
Slow Refresh 
for Laptop 
PC Operation 
• 
Parity Generation 
and Detection 
• 
Support 
for Shadow 
RAM 
• 
Cacheable 
Video 
BIOS Option 
• 
8042 Emulation 
for Fast CPU Reset and Gated A20 Generation 
• 
ISA Bus Control 
with Programmable 
Clock 
• 
0 or 1 Walt State for 16-Blt ISA Bus Cycles 
• 
Support 
for 80387DX and 3167 Numeric 
Co-processors 


Block Diagram 


CPU 
Data 
Bus 


Peripheral 
Peripheral 
Data 
Address 
Bus 
Bus 


CPU 
Address 
Bus 


AT40206 
Integrated 
Peripheral 
Controller 


80387DX 
Numeric 
Co-processor 


AT40392 
DATA 
BUFFER 
CONTROLLER 


ISA 
Address 
Bus 


80386DX 
PC/AT 
Chip Set 
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Description 


The Awel 
AT4039IB/AT40392 
chip 
set is a 100% IBM 


PC/AT compatible chip set for 80386DX based systems operat- 
ing up to 40 MHz. The high integration and an on-chip write- 
back, direct-mapped 
cache controller 
design allows maximum 


system performance. 
Together with a peripheral controller, such 


as the AT40206 
integrated 
peripheral 
controller, 
a very high 


performance, 
yet low cost, 80386DX motherboard 
can be built 


with a minimum number of components. 


The AT40391B 
system controller performs the system control, 
memory and cache control functions. The system control logic 
consists of the following 
logic blocks: CPU control, AT bus 


cycle control, numeric co-processor 
control, synchronous clock 


circuitry and peripheral 
bus control. 
The memory 
and cache 


controller 
functions 
consist 
of a write-back, 
direct-mapped 


cache controller 
and a paged 
mode DRAM 
controller. 
The 


AT4039IB 
supports cache sizes up to 256 Kbytes (l6-byte 
line 


size), and platform memory sizes up to 64 Mbytes. 
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The AT40392 data buffer controller 
performs 
the data buffer 


and co-processor 
interface functions. The data buffer logic per- 


forms bus conversion 
logic for various 8-, 16- and 32-bit data 


movements 
as required 
among 
the system 
buses. The other 


functions of the AT40392 are co-processor 
interface, keyboard 


controller decoding, reset and generation of various peripheral 
clocks. 


Low cost systems 
are made possible 
through 
the support of 
single 
ROM/EPROM 
BIOS 
configurations. 
The 
BIOS 


ROM/EPROM 
can be either 8-bit or I6-biL DRAM is located 


on the system platform 
bus, thus reducing 
DRAM speed re- 


quirements by at least 15 ns. 


The AT4039IB/AT40392 
PC/AT chip set is compatible 
with 


the AT40206 integrated 
peripheral 
controller 
and works with 


BIOS from AMI, Phoenix, Award and Quadtel. 


AT40391 B System 
and Cache Controller 


• 
Programmable 
clock 
generators 
for the platform 


and ISA buses 
• 
CPU and numeric 
co-processor 
reset control 


• 
Direct-mapped 
write-back 
cache controller 


• 
0 walt state cache 
read hit and programmable 
0/1 


walt state cache write 
hit 
• 
Two programmable 
non-cacheable 
regions 


• 
Cacheable 
video 
BIOS option 


• 
On-chip 
tag RAM comparator 
• 
Burst line fill during 
cache 
read misses 
• 
Programmable 
page mode DRAM controller 
for 


256K, 1-Mblt, and 4-Mblt 
DRAMs for platform 


memory 
sizes up to 64 Mbytes 


• 
Decoupled 
system 
platform 
and ISA bus DRAM 


refresh 
• 
Low power 
CAS# before 
RAS#, transparent 


DRAM refresh 
• 
Slow refresh 
option 
• 
Shadow 
RAM support 
• 
Programmable 
0/1 walt state for ISA bus cycles 


GND 
xoo 
XD' 
XD2 
XD3 
X04 
X05 
XOO 
XD7 
GND 
OWE, 
Ron 
lDEV, 
M16, 
10161 
CHRDY 
NOWS, 
RST1, 
MAC 
MAl 
MA2 
MA3 
MA4 
MAS 
MA6 
MA7 
MA6 
MA9 
MAlO 
GND 
CASO' 
CASU 
CAS2' 
CAS3' 
CAS4. 
CASS. 
CAS6. 
CAS7, 
CASSI 
GND 


The Atmel AT40391B is a highly integrated system and cache 
controller for 25 MHz, 33 MHz and 40 MHz 80386DX PC/AT 
systems. When combined 
with the AT40392 data buffer con- 


troller and the AT40206 integrated peripheral controller, a pow- 
erful but low cost PC/AT can be built with minimal compo- 
nents. 


The AT40391B performs all the system control, memory con- 
trol, 
cache 
control, 
and 
bus 
arbitration 
functions 
for 
an 
80386DX PC/AT system including 
the reset and power shut- 


down functions and synchronous CPU and ISA bus clocks gen- 
eration. The flexible memory controller supports system mem- 
ory sizes up to 64 Mbytes with a wide range of DRAMs. The 
direct-mapped 
write-back 
cache controller 
implements 
a high 


performance 
cache system while requiring 
minimal 
external 
components. 
The functions of the AT40391B 
are programmed 
through twelve configuration 
registers. 


AT40391 
System 
and Cache 


Controller 
• 


AT40392 Data Buffer Controller 


• 
Data bus conversions 
• 
DRAM parity generation and detection 
• 
ISA bus direction control 
• 
Reset logic 
• 
Peripheral clock generation 
• 
Keyboard and real·tlme clock chip select 
• 
Speaker control 
• 
PortB, 70H and NMlloglc 
• 
Numeric co-processor Interface 
• 
Keyboard reset and Gate A20 emulation logic 
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The Atmel AT40392 is a highly integrated data buffer controller 
for 25 MHz, 33 MHz and 40 MHz 80386DX based PC/AT sys- 
tems. Together 
with the AT40391B 
system and cache control- 


ler and the AT40206 integrated peripheral controller, a low cost 
yet powerful 
PC/AT 
can be built with minimal 
components. 


The AT40392 data buffer controller 
performs 
all of the data 


buffering 
control required in a 386DX PC/AT system. Under 


the control of the CPU and the AT40391B 
system and memory 


controller, the AT40392 routes data to and from the CPU bus, 
MD bus, XD bus and the ISA bus. while also providing 
any 


necessary 
data size conversions. 
The AT40392 
also performs 


high byte to low byte and low byte to high byte swapping on the 
ISA bus. For platform 
DRAM 
accesses, 
the AT40392 
per- 


forms parity error checking and generation. 


AT40392 
Data Buffer 
Controller 


B 
M 
EE 
5 
MMA 
P 
AA 
RGYRIIEETPC 


AT403918/392 
_ 


CPU Clock 
Power 


Operation Range 
(MHz) 
Supply 
Ordering Code 
Package 


25 
5V±5% 
AT40391 B-25 
1600 
Commercial 


AT40392-25 
1600 
(O°C to 70°C) 


33 
5 V±5% 
AT40391 B-33 
1600 
Commercial 


AT40392-33 
1600 
(O°C to 70°C) 


40 
5V±5% 
AT40391B-40 
1600 
Commercial 


AT40392-40 
1600 
(O°C to 70°C) 


Package Type 


160 Lead, Plastic Gull Wing Quad Flat Package (PQFP) 


• 


Features 


• 
Two-Chip 
PC/AT Compatible 
Chip Set for 80486 Based Systems 
Operating 
up to 50 MHz 
AT40493 
System 
and cache 
Controller 
AT40392 
Data Buffer 
Controller 
• 
Two 160-Pln Quad Flatpacks 
• 
On-Chip 
Support 
for Direct-Mapped 
Write-Back 
cache 
• 
0 Walt State cache 
Read Hit and Programmable 
0/1 Walt State 
cache 
Write Hit 
• 
Two Programmable 
Non-Cacheable 
Regions 
• 
On-Chip 
Tag Comparator 
• 
Burst 
Line Fill During 
Cache Read Misses 
• 
Page Mode Main Memory 
Operation 
with Programmable 
Walt States 
Supporting 
Platform 
Memory 
Sizes up to 64 Mbytes 
• 
Support 
for 256K, 1·Mblt and 4-Mblt 
DRAMs 
• 
Low Power CAS# Before 
RAS#, Transparent 
DRAM Refresh 
• 
Low Power, Slow Refresh 
for Laptop 
PC Operation 
• 
Parity Generation 
and Detection 
• 
Support 
for Shadow 
RAM 
• 
cacheable 
Video 
BIOS Option 
• 
8042 Emulation 
for Fast CPU Reset and Gated A20 Generation 
• 
ISA Bus Control 
with Programmable 
Clock 
• 
0 or 1 Walt State for 16-Blt ISA Bus Cycles 
• 
Support 
for Local Bus Peripherals 
• 
Supports 
2-1-1-1 and 3-2-2-2 Cache and DRAM Burst Cycles 


Block Diagram 


CPU 
Data 
Bus 


Peripheral 
Peripheral 
Data 
Address 
Bus 
Bus 


ISA 
Address 
Bus 


CPU 
Address 
Bus 
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80486 
PC/AT 
Chip Set 
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Description 


The Aunel AT40493!A T40392 chip set is an IBM PC!AT com- 
patible chip set for 80486 based systems operating 
up to 50 
MHz. The high integration 
and an on-chip write-back, 
direct- 
mapped cache controller 
design allows maximum system per- 
formance. 
Together 
with a peripheral 
controller, 
such as the 
AT40206 integrated 
peripheral 
controller, 
a very high perfor- 
mance, yet low cost, 80486 motherboard 
can be built with a 
minimum number of components. 


The AT40493 
system controller 
performs 
the system control, 
memory and cache control functions. The system control logic 
consists of the following 
logic blocks: CPU control, AT bus 
cycle control, numeric co-processor 
control, synchronous clock 
circuitry and peripheral 
bus control. 
The memory 
and cache 
controller 
functions 
consist 
of a write-back, 
direct-mapped 
cache controller 
and a paged 
mode DRAM 
controller. 
The 
AT40493 supports cache sizes up to 512 Kbytes (16-byte line 
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size), platform memory sizes up to 64 Mbytes and burst mode 
for all system configurations. 


The AT40392 data buffer controller 
performs 
the data buffer 
and co-processor 
interface functions. The data buffer logic per- 
forms bus conversion 
logic for various 8-, 16- and 32-bit data 
movements 
as required 
among 
the system 
buses. The other 
functions of the AT40392 are co-processor 
interface, keyboard 
controller decoding, reset and generation 
of various peripheral 
clocks. 


Low cost systems 
are made possible 
through 
the support of 
single 
ROM/EPROM 
BIOS 
configurations. 
The 
BIOS 
ROM/EPROM 
can be either 8-bit or I6-bit 
DRAM is located 
on the system platform 
bus, thus reducing 
DRAM speed re- 
quirements by at least 15 ns. 


The Atmel AT40493 
is a highly integrated 
system and cache 
controller for 16 MHz, 20 MHz, 25 MHz, 33 MHz and 50 MHz 
80486 PC/AT systems. When combined with the AT40392 data 
buffer controller 
and the AT40206 
integrated 
peripheral 
con- 


troller, a powerful but low cost PC/AT can be built with minimal 
components. 


The AT40493 perfonns all the system control, memory control, 
cache control, and bus arbitration functions for an 80486 PC/AT 
system including the reset and power shutdown 
functions and 
synchronous 
CPU and ISA bus clocks generation. 
The flexible 


memory 
controller 
supports 
system 
memory 
sizes 
up 
to 


64 Mbytes with a wide range of DRAMs. The direct-mapped 
write-back 
cache controller 
implements 
a high perfonnance 


cache system while requiring 
minimal 
external 
components. 


The functions of the AT40493 are programmed 
through twelve 
configuration registers. 


• 
Programmable ISA bus clock generator 


• 
CPU and numeric co-processor reset control 


• 
Direct-mapped write-back cache controller 


• 
0 walt state cache read hit and programmable 0/1 
walt state cache write hit 


• 
Two programmable non-cacheable regions 


• 
cacheable video BIOS option 


• 
On-chip tag RAM comparator 


• 
Burst line fill during cache read misses 


• 
Programmable page mode DRAM controller for 
256K, 1-Mblt, and 4-Mblt DRAMs for platform 
memory sizes up to 64 Mbytes 


• 
Decoupled system platform and ISA bus DRAM 
refresh 
• 
Low power CAS# before RAS#, transparent 
DRAM refresh 
• 
Slow refresh option 


• 
Shadow RAM support 


• 
Programmable 0/1 walt state for ISA bus cycles 


• 
Supports 2-1-1-1 and 3-2-2-2 cache and DRAM 
burst cycles 
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AT40493 
System 
and Cache 
Controller 
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AT40392 Data Buffer Controller 


• 
Data bus conversions 


• 
DRAM parity generation and detection 


• 
ISA bus direction control 


• 
Reset logic 


• 
Peripheral clock generation 


• 
Keyboard and real-time clock chip select 


• 
Speaker control 


• 
PortS, 70H and NMI logic 
• 
Numeric co-processor Interface 
• 
Keyboard reset and Gate A20 emulation logic 


The Annel AT40392 is a highly integrated data buffer controller 
for 16 MHz, 20 MHz, 25 MHz, 33 MHz and 50 MHz 80486 
based PC/AT systems. 
Together 
with the AT40493 
system 


and cache controller 
and the AT40206 
integrated 
peripheral 
controller, a low cost yet powerful 
PC/AT 
can be built with 


minimal 
components. 


The AT40392 data buffer controller 
performs 
all of the data 


buffering control required in a 486 PC/AT system. Under the 
control of the CPU and the AT40493 system and memory con- 
troller, the AT40392 routes data to and from the CPU bus MD 
bus, XD bus and the ISA bus, while also providing any n~s- 
sary data size conversions. 
The AT40392 
also performs 
high 


byte to low byte and low byte to high byte swapping on the ISA 
bus. For platform 
DRAM 
accesses, 
the AT40392 
performs 


parity error checking and generation. 


AT40392 
Data Buffer 
Controller 


CPU Clock 
Power 
Ordering Code 
Package 
Operation 
Range 
(MHz) 
Supply 


25 
5 V±5% 
AT40493-25 
1600 
Commercial 
AT40392-25 
1600 
(O°C to 70°C) 


33 
5 V±5% 
AT40493-33 
1600 
Commercial 
AT40392-33 
1600 
(O°C to 70°C) 


50 
5 V±5% 
AT40493-50 
1600 
Commercial 
AT40392-50 
1600 
(O°C to 70°C) 


Package Type 


160 lead, Plastic Gull Wing Ouad Flat Package (PQFP) 
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AT40495 


Addendum 
to AT40493 


The AT40495 
system and cache controller 


functions 
exactly 
like the AT40493 
(see 
AT40493 data sheet) with the following ex- 
ceptions: 


• 
The AT40495 supports one or two banks 
of cache SRAM and does not require the 
use of buffers in the data path. Thus the 
even 
and 
odd 
bank 
output 
enables 


(BEOE# and BOOE#, respectively) 
are 
not asserted during CPU or DMA write 
cycles. 


• 
The 
TLB# 
(pin 
110) 
signal 
on 
the 
AT40493 is redefined as BEA2# (cache 
even bank address bit 2). 


• 
The AT40495 
supports 
2-1-1-1 
cache 
burst mode for 16 MHz, 20 MHz and 25 
MHz operation and 3-2-2-2- cache burst 
mode 
for 
33 
MHz 
and 
50 
MHz 
operation. 


80486 
PC/AT 
Chip Set 
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CPU Clock 
Power 


(MHz) 
Supply 
Ordering Code 
Package 
Operation Range 


25 
5V±5% 
AT40495-25 
1600 
Commercial 


AT40392-25 
1600 
(O°C to 70°C) 


33 
5V±5% 
AT40495-33 
1600 
Commercial 


AT40392-33 
1600 
(O°C to 70°C) 


50 
5V±5% 
AT40495-50 
1600 
Commercial 


AT40392-50 
1600 
(O°C to 70°C) 


Package Type 


160 Lead, Plastic Gull Wing Quad Flat Package (PQFP) 


Features 
• 
One-Chip PC/AT Compatible Core logic Controller for 80486 Systems 
Operating Up to 66 MHz. 
• 
One 208-Pln Quad Flatpack, Sub-Micron CMOSTechnology 
• 
Direct Mapped Write-Back cache Controller with Burst Fill 
• 
Programmable 2-1-1-1,3-1-1-1, 2-2-2-2and 3-2-2-2cache Burst Cycles 
• 
local Bus Peripheral Support 
• 
Port B Register and NMI Logic 
• 
Programmable ISA Bus Clock Generator 
• 
Back-to-Back 16-Blt ISA Bus Cycles 
• 
256K, 1-Mblt and 4-Mblt DRAM Support 
• 
Up to 64 Mbytes of Platform Memory 
• 
Shadow RAM Support 
• 
OS/2 Alternate Hot Reset Support 


CPU 
Address 
CPU 
Bus 
Data 
Bus 


Peripheral 
Data 
B s 


ISA 
Data 


ISA 
Bus 


Address 
Bus 


Local 
Bus 
Peripheral 


AT40206 
Integrated 
Peripheral 
Controller 


Keyboard 
Controller 
Numeric 
Co-Processor 


486DX 
486SX 
CPU 
AT40498 
~ 
Core Logic 
Controller 
\l 


DRAM 


~ 


80486 
Core Logic 
Controller 
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Description 


The Atmel AT40498 
is a highly integrated 
single-<:hip core 


logic controller for 80486 PC/AT systems operating up to 66 MHz. 
The chip integrates system conlIOl, memory control, secondary 
cache control, bus arbitration functions, and data buffering and 
translation. In addition, the AT40498 supports local bus peripherals. 


The memory 
controller 
addresses 
up to 64 Mbytes 
of main 


memory. The memory can consist of 256K, I-Mbit, and 4-Mbit 
DRAMS. Refresh can be conventional 
or hidden, fast or slow. 


The secondary write-back cache controller supports one-bank or 
two-bank operation with interleaving to maximize performance. 
Cache sizes can range from 32 Kbytes to 512 Kbytes. Cache 
read and write burst cycles are programmable. 


Together 
with a standard 
peripheral 
controller 
such as the 


AT402061PC 
and a minimum number of other components, the 


AT40498 implements a powerful, low-cost PC/AT compatible 
computer. 


AT40498 
486 CORE 
LOGIC 
CONTROLLER 


A15 
A16 
AU 
A18 
A19 
A20 
A21 
A22 
A23 
vcc 
A24 
A25 
A31 


ORAMS# 
GNO 
00 
01 
02 
03 
GNO 
04 
05 
06 
07 
08 
09 
010 
011 
GNO 
012 
013 
014 
015 
016 
017 
018 
019 
GNO 
020 
021 
022 
023 
VCC 
GNO 
024 
025 
026 
027 
028 
029 
030 
031 


Numeric 
Co-Processor 


77 
CPU 
Interface 


Interface 
Logic 
2~ 
Reset 
DRAM 
Logic 
Control 


•• 


19 
Cache 
ISA Bus 
1~ 
Control 
I 
Logic 


Clock 
4, 
Generation 


Peripheral 
38 
I 
Interface 
,, 
Logic 
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CPU Clock 
Power 
(MHz) 
Supply 
Ordering Code 
Package 
Operation Range 


25 
5V±5% 
AT40498-25 
2080 
Commercial 
(DOCto 70°C) 


33 
5 V±5% 
AT40498-33 
2080 
Commercial 
(O°C to 70°C) 


50 
5V±5% 
AT40498-50 
2080 
Commercial 
(O°C to 70°C) 


Package Type 


208 Lead, Plastic Gull Wing Ouad Flat Package (PQFP) 


Features 


• 
One-Chip 
PC/AT Compatible 
Core Logic Controller 
for 80386SX Systems 
operating 
up to 33 MHz 


• 
One 160-Pln 
Quad Flatpack, 
1-Mlcron 
CMOS Technology 


• 
CPU Interface 
and ISA Bus Control 
• 
Direct 
Mapped 
Posted 
Write cache 
Controller 
with 
Burst cache 
Fill 
• 
Numeric 
Co-processor 
Support 


• 
OS/2 Alternate 
Hot Reset Support 
• 
Programmable 
Clock 
Generator 
for the ISA Bus 


• 
Port B Register 
and NMI Logic 


• 
256K, 1·Mblt and 4-Mblt 
DRAM Support 


• 
Up to 16 Mbytes 
Platform 
Memory 


• 
Shadow 
RAM Support 


• 
Multiple 
Interleave 
Paging 
(MlpTM) of Platform 
Memory 
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The Almel AT40281 
is a highly integrated 
single-chip 
core 
logic controller 
for 80386SX 
PC/AT systems operating 
up to 
33 MHz. The chip integrates system control functions including 
reset logic and generation of the system clocks (CPU clock. ISA 
bus clock and the 1.19 MHz clock for the timer input). the local 
bus and ISA bus controllers. the memory controller and a direct 
mapped posted write cache controller. 


The AT40281 decodes the CPU and ISA bus states to arbitrate 
among the various bus masters in the system. Data bus conver- 
sion. bus steering functions and data buffers and latches are all 
integrated on chip. 


A variety of memory configurations 
and types of DRAMs can 
be used with the AT40281. 
Platfonn 
memory parity checking 
and generation 
are supported 
along with shadow 
RAM 
for 
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BIOS. single ROM/EPROM 
for BIOS and address remapping 
of the unused memory between 640K and 1 Mbit to the top of 
memory. 


The AT40281 
also incorporates 
Multiple 
Interleaved 
Paging 
(MIP) of the platfonn memory which improves perfonnance 
in 
both cache and cacheless 
configurations 
by minimizing 
the 
number of wait states required during DRAM accesses. 


The programmable 
functions of the AT40281 are programmed 
through seven Configuration 
Registers. 


Together 
with a standard 
peripheral 
controller 
such as the 
AT40206 IPC and a minimum number of other components. the 
AT4028I 
allows the use of a single board design for both cache 
and cacheless high perfonnance. 
yet low cost. 80386SX PC/AT 
systems. 
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CPU Clock 
Power 
(MHz) 
Supply 
Ordering Code 
Package 
Operation Range 


16 
5V±5% 
AT40281-16 
1600 
Commercial 
(0° to 70°C) 


20 
5V±5% 
AT40281-20 
1600 
Commercial 
(0° to 70°C) 


25 
5V±5% 
AT40281-25 
1600 
Commercial 
(0° to 70°C) 


33 
5V±5% 
AT40281-33 
1600 
Commercial 
(0° to 70°C) 


Package Type 


160 Lead, Plastic Gull Wing Ouad Flat Package (Flatpack) 


Features 


• 
One-Chip 
PC/AT Compatible 
Core Logic 
Controller 
for 80386SX Systems 
operating 
up to 33 MHz 
• 
One 160-Pln Quad Flatpack,1-Mlcron 
CMOS Technology 
• 
CPU Interface 
and ISA Bus Control 
• 
Numeric 
Co-processor 
Support 
• 
OS/2 A"ernate 
Hot Reset Support 
• 
Programmable 
Clock 
Generator 
for the ISA Bus 
• 
Port B Register 
and NMI Logic 
• 
256K, 1-Mblt and 40Mb" DRAM Support 
• 
Up to 16 Mbytes 
Platform 
Memory 
• 
Shadow 
RAM Support 
• 
Multiple 
Interleave 
Paging 
(MlpTM) of Platform 
Memory 
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The AUDel AT40283 
is a highly integrated 
single-<:hip core 


logic control1er for 80386SX PC/AT systems operating 
up to 


33MHz. The chip integrates system control functions including 
reset logic and generation of the system clocks (CPU clock, ISA 
bus clock and the 1.19 MHz clock for the timer input), the local 
bus and ISA bus control1ers and the memory controller. 
The 
AT40283 
decodes 
the CPU and ISA bus states to arbitrate 


among the various bus masters in the system. Data bus conver- 
sion, bus steering functions and data buffers and latches are all 
integrated on chip. 


A variety of memory configurations 
and types of DRAMs can 


be used with the AT40283. 
Platform memory parity checking 


and generation 
are supported 
along 
with shadow 
RAM 
for 


BIOS, single ROM/EPROM 
for BIOS and address remapping 


of the unused memory between 640K and 1 Mbit to the top of 
memory. 


The AT40283 
also incorporates 
Multiple 
Interleaved 
Paging 


(MIP) of the platform memory which improves performance by 
minimizing 
the number of wait states required during DRAM 


accesses. 


The programmable 
functions of the AT40283 are programmed 


through five Configuration 
Registers. 


Together 
with a standard 
peripheral 
controller 
such as the 


AT40206!PC 
and a minimum number of other components, the 


AT40283 
implements 
a high 
performance, 
yet 
low 
cost, 


80386SX PC/AT system. 
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CPU Clock 
Power 
Ordering Code 
Package 
Operation Range 
(MHz) 
Supply 


1600 
Commercial 
16 
5V±5% 
AT40283-16 
(0° to 70°C) 


1600 
Commercial 
20 
5V±5% 
AT40283-20 
(0° to 70°C) 


1600 
Commercial 
25 
5V±5% 
AT40283-25 
(0° to 70°C) 


1600 
Commercial 
33 
5V±5% 
AT40283-33 
(0° to 70°C) 


Package Type 


160 Lead, Plastic Gull Wing Ouad Flat Package (Flatpack) 


Features 


• 
Fully Compatible 
with PC/AT Architecture 
• 
Fully Compatible 
with 8237 DMA Controller, 
8259 Interrupt 
Controller, 
8254 Timer/Counter, 
and 146818 Real-Time 
Clock 
• 
Provides 
7 DMA Channels, 
13 Interrupt 
Request 
Channels, 
2 Timer/Counter 
Channels, 
and a Real-Time 
Clock 
• 
Built-In 
74LS612 
Memory 
Mapper for DMA Page Address 
• 
Provides 
114 Bytes of CMOS RAM Memory 
• 
8-MHz DMA Clock with Programmable 
Internal 
Divider 
for 4-MHz 
Operation 
• 
16-Mbyte 
DMA Address 
Space 
• 
Prog rammable 
Walt States for the DMA Cycle 
• 
Reduced 
Recovery 
Time (120 ns) Between 
I/O Operations 
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PC/AT 
Integrated 
Peripheral 
Controller 
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Description 


The Atrnel AT40206 integrated peripheral controller is a single 
chip integration of all the main peripherals 
attached to the XD 


bus of the PC/AT architecture 
including two 8237 DMA con- 


trollers, two 8259 interrupt controllers, one 8254 timer/counter, 
one MC146818 
compatible 
real-time 
clock, an additional 
64 


bytes of CMOS RAM, one 74LS612 memory mapper, and some 
top-level decoder/configuration 
logic circuits. 


While 
providing 
full PC/AT 
architecture 
compatibility, 
the 


AT40206 
also offers enhanced 
features and improved 
speed 


performance. 
These 
enhancements 
include 
an additional 
64 
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bytes of user definable CMOS RAM and drastically reduced re- 
covery time for the 8237,8259 
and 8254. A programmable 
wait 
state option is provided for use by the CPU, DMA or other bus 
masters when accessing this chip. The AT40206 also provides 
programmable 
8-MHz or 4-MHz 
DMA clock selection. 
The 


AT40206 
is implemented 
using advanced 
1.5 micron CMOS 


technology 
and is packaged in either a 84-pin PLCC or a 100- 


pinPQFP. 
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AT40206 
Integrated 
Peripheral 
Controller 


CPUClock 
Power 
Ordering Code 
Package 
Operation Range 
(MHz) 
Supply 


8 
5V±5% 
AT40206-8JC 
84J 
Commercial 


AT40206-80C 
10002 
(0° to 70°C) 


Package Type 


84J 
I 
84 Lead, Plastic J-Leaded Chip Carrier (PLCC) 


10002 
I 
100 Lead, Plastic Gull Wing Ouad Flat Package, EIAJ (POFP) 


AlmEL 


• 
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Features 


• 
One-Chip SCSI-2 Fast Archneeture Controller for Host and 8-bn or 16-bn 
Peripheral Applications 
• 
84·Pln PLCC Package, Sub-Micron CMOS Technology 
• 
Supports ANSI X3T9.2 SCSI Standard, with SCSI·2 Fast Archneeture 
• 
Functions as an Initiator or a Target 
• 
Implements SCSI Bus Sequences wnhout Host Processor Intervention 
• 
Asynchronous Data Transfers up to 7 Mbyteslsec 
• 
Synchronous Data Transfers up to 10 Mbytes/sec 
• 
DMA Burst Transfers up to 20 Mbyteslsec 
• 
Programmable Synchronous Transfer Period and Offset 
• 
24-Blt Transfer Counter 
• 
Pipeline Command Structure 
• 
16-Byte, Parny Pass-through Data FIFO Between the DMA and SCSI 
Channels 
• 
On·Chlp 48-mA Single-Ended SCSI Transceivers 
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Single Chip 
SCSI 
Controller 
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A11DIL 


Description 


The AT43216 is a high perfonnance 
single-chip 
SCSI-2 com- 


patible controller that typically replaces SCSI interface circuitry 
consisting of discrete devices, external drivers, and a low per- 
fonnance SCSI interface chip. 


The chip incorporates both initiator and target modes and can be 
used in host and peripheral applications. 
Bus arbitration, target 


selection, and initiator reselection are all handled on chip. 


Overhead interaction 
with the host processor is minimized by 


use of an interrupt-driven 
architecture 
in conjunction 
with a 


command pipeline and a powerful 
instruction 
set that reduces 


common 
SCSI bus sequences 
to single commands. 
The chip 


controls message, command, 
status, and data transfers between 


the SCSI bus and the internal 16-byte FIFO. 


In order to maximize throughput, 
the AT43216 architecture in- 


corporates three independent buses: the 8-bit SCSI bus, the 8-bit 
or 16-bit with parity pass-through 
data bus (DB), and the 8-bit 


processor 
bus (pAD). 
The SCSI 
bus supports 
synchronous 


transfers of 5 Mbytes per second and 10 Mbytes per second in 
addition to asynchronous 
transfers up to 7 Mbytes per second. 


The data bus includes a high-speed 
DMA interface 
for burst 


transfer rates up to 20 Mbytes per second. The processor bus can 
be configured for multiplexed 
or non-multiplexed 
operation to 


simplify interfacing to the host processor. 


The AT43216 
is designed 
for singled-ended 
operations 
with 
separate 
SCSI data input and output buses including 
on-chip 


48-mA bus drivers. 
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CPU Clock 
Power 


(MHz) 
Supply 
Ordering Code 
Package 
Temperature 
Range 


40 
5V±5% 
AT43216·40JC 
84J 
Commercial 
(O°C to 70°C) 


Package Type 


84 Lead. J·Leaded Chip Carrier (PLCC) 


Features 


• 
Three-Chip 
EISAIISA 
Compatible 
Chip set for 80386180486 Systems 
Operating 
up to 66 MHz 
• 
One 160-Pln and Two 184-Pln Quad Flatpacks 
AT40957 Integrated 
System 
Peripheral 
AT40958 
Bus Controller 
and Data Buffer 
AT40959 
DRAM and cache 
Controller 
• 
On-Chip 
Support 
for Direct-Mapped 
Write-Back 
cache 
Sizes up to 1 Mbyte 
• 
Asynchronous 
or Synchronous 
cache 
SRAM 
• 
On-Chip 
Tag Comparator 
• 
Page Mode Platform 
Memory 
Sizes up to 256 Mbytes 
• 
Posted 
Write 
Buffer 
for Write Miss Cycles 
• 
BIOS Shadow 
and cache 
Option 
• 
Staggered 
Refresh 
to Reduce 
Power System 
Noise 
• 
Hidden 
Refresh 
• 
Eight ISA DMA Channels 
• 
Six EISA Master Channels 
• 
Fourteen 
Interrupt 
Channels 
• 
Local Bus Peripheral 
Support 
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Description 


The AT40957/AT40958/AT40959 
chip set is an IBM PC/AT 
EISA/ISA compatible 
chip set for 80386 and 80486 based sys- 
tems operating up to 66 MHz. The high integration and on-chip 
direct-mapped 
write-back cache controller design allows maxi- 
mum system performance 
while requiring a minimum number 
of components to implement a complete motherboard. 


The AT40957 
integrated 
system 
peripheral 
incorporates 
the 
DMA controller, bus arbitrator, interrupt controller, numeric co- 
processor interface, and EISA address latches and buffers. The 
DMA controller 
supports Type A, B, and C burst transfers at 
data rates up to 33 Mbytes/second 
and byte and word transfers 
for seven EISA DMA channels. 
The interrupt controller 
pro- 
vides two 8259A-compatible 
interrupt controllers with 14 inde- 
pendently programmable 
channels for level- or edge-triggered 
interrupts. NMI logic includes a fail-safe timer. 


The AT40958 bus controller and data buffer interfaces data to 
the CPU, DMA, master, and slave devices. Byte swaps, bus con- 


versions, and data alignments 
are all done automatically. 
The 
AT40958 also includes parity generation and checking logic, as 
well as timers for watchdog, refresh, and speaker control. 


The AT40959 DRAM and cache controller incorporates system 
reset logic, cache control, 
paged 
mode DRAM 
control, 
and 
BIOS interface 
logic. The cache controller 
is direct-mapped 
write-back with a 16-byte line and a maximum size of 1 Mbyte. 
An on-chip posted write buffer for write misses is included. The 
page mode DRAM controller 
generates 
and checks memory 
parity and supports up to eight banks of memory for memory 
sizes up to 128 Mbytes using 4-Mbit DRAMs, and 256 Mbytes 
using 16-Mbit DRAMs. The AT40959 also supports two non- 
cacheable 
areas in main memory and includes BIOS shadow 
and cache capabilities. 


CPU Clock 
Power 


Ordering Code 
Package 
Operation 
Range 
(MHz) 
Supply 


33 
5 V±5% 
AT40957-33 
1840 
Commercial 


AT40958-33 
1840 
(O°C to 70°C) 


AT40959-33 
1600 


50 
5V±5% 
AT40957-50 
1840 
Commercial 


AT40958-50 
1840 
(O°C to 70°C) 


AT40959-50 
1600 


66 
5V±5% 
AT40957-66 
1840 
Commercial 


AT40958-66 
1840 
(O°C to 70°C) 


AT40959-66 
1600 


Package Type 


1600 
I 
160 Lead, Plastic Gull Wing Quad Flat Package (POFP) 


1840 
I 
185 Lead, Plastic Gull Wing Quad Flat Package (POFP) 
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AT24C01/02l04/08/16 
Fact Sheet 
2-Wire, 1K/2K/4K/8K/16K Serial E2pROM 
10-3 
AT93C46/56/57/66 
Fact Sheet 
3-Wire, 1K/2K/2K/4K Serial E 
2pROM 
10-5 


1K Serial E2pROM with Security, with 
1 or 2 Memory Zones 
10-15 


80C31 Microprocessor with 16K E2pROM 
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Features 
• AT24C01/02l04/08I16 
• Two-wire Serial Interface 
• Supports ISO/IEC 7816-3 Synchronous 
Protocol 


• Additional 
SDA Pad for ISO Compliant 
Packaging 


• Low Voltage Operation 
Available from 1.8 to 6.0 Volts 


• High Reliability and Endurance 
100,000 
Write/Erase 
Cycles 


100 Years Data Retention 
• Background 
Wafer and Ole are Available from 6 to 21 mils 


• Test Programs are Available for Testing Ole In cards 
• Small Ole Size Increases 
Reliability and Reduces Cost 


Description 
The AT24C01J{l2104108/16 provide 
1024/2048/4096/8192/16384 
bits of serial 


E2PROM (Electrically Erasable and Programmable Read Only Memory) organized 
as 128/256/512/1024/2048 words of 8 bits each. By grounding pins A2. A1.and AO. 
the devices can be used in smart card applications. 


The AT24C01/02JU4108/16 is manufactured using low-power CMOS technology 
and features its own internal high voltage pump for single voltage supply operation. 
The devices are guaranteed 
to 100.000 write/erase cycles and 100 year data 


retention. The AT24COI family supports the ISO/lEC 7816- 3 synchronous protocol 
and is available in wafer. die. or standard package form. 


Card Contact 
Pin Name 
Function 


Cl 
Vcc 
Operating Voltage 


C2 
NC 
No Connect 


C3 
SCL 
Serial Clock 


C5 
GND 
Ground 


C6 
NC 
No Connect 


C7 
SDA 
Serial Data 


Vcc G B 
GND 


NC G ElNX) 


SCL G B 
SDA 
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Features 
• AT93C46/56/57/66 
• Organized as 8- or 16-blt Words 
• User-Friendly Three-Wire Serial Protocol 
• Comprehensive Instruction Set 
• Low Voltage Operation Available from 1.8to 6.0 Volts 
• High Reliability and Endurance 
100,000 WrltelErase Cycles 
100 Years Data Retention 
• Background Wafer and Ole are Available from 6 to 21 mils 
• Test Programs are Available for Testing Ole In cards 
• Small Ole Size Increases Reliability and Reduces Cost 


Description 
The AT93C46/56/57/66 
provides 
1024/2048/2048/4096 
bilS of serial E2pROM 
(Electrically 
Erasable Programmable 
Read Only Memory) organized as 64/128/256 
words of 16 bilS each when the ORG Pin is connected 
to Vee. or 128/256/512 
words 
of 8bits each when it is tied to ground. The device is optimized for use in many smart 
card applications. 


The AT93C46/56/57/66 
is manufactured 
using low-power 
CMOS technology 
and 
features its own internal high voltage pump for single voltage supply operation. 
The 
devices are guaranteed 
to 100,000 erase/write 
cycles and 100 year data retention. 
The AT93C46/56/57/66 
family is available in wafer. die, or standard package form. 


Card Contact 
Pin Name 
Function 


Cl 
00 
Serial Data Output 


C2 
01 
Serial Data Input 


C3 
SK 
Serial Clock 


C4 
CS 
Chip Select 


C5 
GND 
Ground 


C6 
ORG 
Internal Organization 


C7 
NC 
No Connect 


C8 
Vcc 
Operating Voltage 


Using 3·Wire 
Serial E2PROMs 
In Smart Cards 
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Card Module Contacts 


00 
~ 
~ 
GND 


01 
~ 
EJ 
ORG 


SK 
~ 
§] 
NC 


CS ~ 
~ 
Vcc 
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Features 
• 104 Bit E2PROM with Serial Control/Security Logic 
• 13 x 8 (104) Bit Organization 
• Operating Voltage (Vcc = 5.0V ± 19%) 
• Dissipates 2.4 mW Read and 12.0 mW Max Write or Erase 
• Provides Transport Code Security 
• Counts up to 20480 Units Maximum 
• BI-dlrectlonal Data Transfer for ISO/IEC7816-3 Synchronous Protocol 
• 1.5 ms Write or Erase Time 
• ESD Immunity> 4 K Volts 
• High Reliability and Endurance: 
100,000Write/Erase Cycles 
Data Retention: 
100 Years Data Retention 


Description 
The AT88SC06 provides 104 bits of serial E2PROM (Electrically Erasable and 
Programmable R,ead Only Memory) with security logic for use in secure smart card 
applications. 
The device has a register capacity of 20480 count units, and is 


internally organized as 13eight-bit words fora total oflO4 bits. Each bit is separately 
addressable by an internal seven-bit address counter for serial read and write 


ISO 
Pad 
Pin 
Description 
Contact 
" 


Nama 


C1 
6 
Vcc 
Supply Voltage 


C2 
5 
RST 
Reset and Program Control 


C3 
4 
ClK 
Clock and Address Control 


C5 
1 
Vss 
Ground 


C6 
2 
NC 
No Connect 


C7 
3 
SO 
Serial Oata 1/0 


Vcc~ 


RST~ 


ClK~ 
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operations. 
Erase operations are allowed only by word 


after a bit-carry write has been perfonned. 


The AT88Sa>6 is manufactured using low-power CMOS 
technology andfeatures itsown internal high-voltage pump 
for single-voltage supply operation. 
The devices are 


A1IDEL 


guaranteed to 100,000 erase/write cycles and 100year data 
retention. Endurance up to one-million write cycles has 
been demonstrated. The AT88SC06 supports the ISO/IEC 
7816-3synchronous protocol and is available in wafer, die, 
or standard packaging. 


Memory Partitions 
AT88SC06 


Primary Function 
secondary Function 
Address 
Bits 


Chip Data (CHD) 
(Read Only) 
0-23 
24 


Issuer Data (ID) 
24 - 63 
40 


Personalization 
Complete 
(PC) 
64 
1 


Test Bits (TB) 
65-66 
2 


Digit 5 (D5) 
67 -71 
5 


IV 
Digit 4 (D4) 
Transport Code Attempts Counter (TCAC) 
72 -79 
8 
'lii0 
'E 


Transport Code (XC) 
80 -87 
8 
::::J 
Digit 3 (D3) 
0 
<.) 


Digit 2 (D2) 
Transport Code (XC) 
88 -95 
8 


Digit 1 (D1) 
Transport Code (XC) 
96 - 103 
8 


TOTAL BITS 
104 


Definition of Memory Partitions 
Chip Data (24 bits): Programmed by themanufacturer with 
a specific identifier for each customer. A fuse is blown by 
the manufacturer after programming the chip data, which 
makes this memory area unalterable. 


Issuer Data (40 bits): 
Programmed by the card issuer 
during finalpersonalization. The data storedinthismemory 
area is unalterable after writing a 0 to address 64. 


Personalization Complete (l bit): Written toOafterthe card 
data has been personalized. Issuer data is unalterable after 
o is written to this bit. 


Test Bits (2 bits): Allows pattern testing at this memory 
location. 


Transport Code Attempts Counter (8 bits): 
Counts the 


number of attempted transport code compares. The device 
is locked after 8 compare attempts. 


Transport Code (24 bits): Must be presented by the issuer 
to access circuit memory and personalize device before 
setting personalization 
complete 
bit. 
This secures 


transportation between the manufacturer and the issuer. 


Pin Description 
RESET (RST): The RST input is used to reset the memory 
counter to address zero or to indicate the intent to write or 
erase data. RST is pulled up to Vcc internally. 
CLOCK (CLK): The CLK input is used to either increment 
the address counter and strobe data out or it is used to 
regulate the actual write or erase duration. 
CLK is also 


pulled up to Vcc internally. 
SERIAL DATA (SD): The SD pin is bi-directional (open 
drain) for serial data transfer. 
During the transport code 


comparison, SD operates in a data input mode. During read 
operations, SD operates in a data output mode. 


Transport Code Compare 
Table I shows the access condition of the AT88Sa>6 when 
it is shipped from Atrnel, and prior to comparing 
the 


transport code. 
A transport code compare is done by 


powering up the chip, setting the address location between 
72-79 and writing a 0 into an erased (" I") location within 
this range. This write enables the transport code compare 
sequence which is valid until incrementing to address 0 or 
until the supply voltage is removed. 
Once the compare is 


enabled, the address counter is incremented to address 80, 
at which time SD will be the input for the 24 bit transport 
code entry, as shown in Figure 4. 


If the enable and compare procedure was correct, the device 
will be enabled for initialization. 
If the compare was 


incorrect, additional compares may be attempted beginning 
with an address reset. A total of eight attempts are possible 
corresponding to the eight (initially high) bits in the address 
range of (72-79). 


Device Operation Modes 
Tables 2 and 3 indicate the access conditions 
of the 


AT88SC06 during device personalization and count mode, 
respectively. 
Once a correct transport code compare is 


made, the device is personalized and the initial counter 
value is assigned to reflect the desired user value. After the 
device is personalized, the personalization complete (PC) 
bit is set by writing a 0 to address 64. The device is in count 
mode. When all the bits in address range 67-103 are written, 
erasure is disabled and the device count is used up. 


Write 1 
Write 0 
Zones 
PC 
Read 
(Erase) 
(Prog) 
Compare 


CHO 
1 
YES 
NO 
NO 
NO 


10 
1 
YES 
NO 
NO 
NO 


PC 
1 
YES 
NO 
NO 
NO 


T8 
1 
YES 
NO 
NO 
NO 


05 
1 
YES 
NO 
NO 
NO 


TCAC (04) 
1 
YES 
NO 
YES 
NO 


XC (03 - 01) 
1 
NO 
NO 
NO 
YES 


Write 1 
Write 0 
Zones 
PC 
Read 
(Erase) 
(Prog) 
Compare 


CHO 
1 
YES 
NO 
NO 
, 
NO 


10 
1 
YES 
NO 
YES 
NO 


PC 
1 
YES 
NO 
YES 
NO 


T8 
1 
YES 
NO 
YES 
NO 


05 
1 
YES 
NO 
YES 
NO 


04 (TCAC) 
1 
YES 
YES(2) 
YES 
NO 


03 - 01 (XC) 
1 
YES 
YES(2) 
YES 
NO 
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Write 1 
Write 0 


Zones 
PC 
Read 
(Erase) 
(Prog) 
Compare 


CHO 
0 
YES 
NO 
NO 
NO 


YES 
NO 


, 
NO 
NO 
10 
0 


PC 
0 
YES 
NO 
NO 
NO 


T8 
0 
YES 
NO 
YES 
NO 


05 
0 
YES 
NO 
YES 
NO 


04 (TCAC) 
0 
YES 
YES(2) 
YES 
I 
NO 


03 - 01 (XC) 
0 
YES 
YES(2) 
YES 
NO 


Notes: 
1. PC = personalization complete bit 
2. Byte erase after bit-carry write 


Device Operation 
Address Reset and Read Data 
(Referto Figure 1) 
To reset the address counter to address zero (0), first allow 
RST to go high followed by a CLK pulse (from low to high 
then back low). RST then must go low again such that it 
brackets CLK. Oata (bit zero) is output on SO following 
RST going low. Each following pulse ofCLK will increment 
the address counter (on rising edge) and strobe data out on 
SO (on falling edge). The address counter will roll-over, 
returning to zero after address 127. 


Bit Write 
(Refer to Figure 2) 
With CLK low and RST low, a pulse ofRST (from low to 
high and back to low) will enable a bit-write operation if the 
write is allowed at that address location. The next pulse of 
CLK will perform the write and regulate the write time 
duration. The address counter does not get incremented on 
this CLK write pulse, and the newly written data will be 
output on SO following the CLK write pulse. Oata on SO 
willnotbe valid from the rising edge ofRST until the falling 
edge of the write CLK pulse. A following CLK pulse with 
RST still low will increment the address counter as usual 
and strobe data our on SO. 


Byte Erase After Bit-carry Write 
(Refer to Figure 3) 
Byte erasures may be performed from addresses (72-103) 
on a byte-by-byte basis each preceded by a bit-carry write. 
The digit erased will always be the next lower digit than the 
digit the bit-carry write took place in. First, a bit write must 
be performed as shown in Figure 3. After the CLK write 
pulse is completed, RST is pulsed again which enables the 
word erase operation. A second CLK pulse is now given to 
perform the digit erase and regulate the erase time duration. 


The device control logic will verify that a bit-carry write 
(from" 1"to "0") actually took place before erasing the next 
lower digit. Oata on SO will not be valid from the rising 
edge ofRST to the falling edge of the erase CLK pulse. The 
address counter will still be at the bit-carry write address 
following the byte erase. 


Device Power up and Reset 
After Vcc and V55have been contacted, powering up the 
device will internally reset the address counter to address 
zero. 
The internal power on reset circuit will reset the 


address counter if the device experiences dips in the supply 
voltage. 


Count Principle 
The address range (67-103) represents a five-digit non- 
resettable octal counter. 
The lower four octal digits are 


assigned a value between one and eight (addresses 72-103) 
during device initialization. 
The fifth and most significant 


digit is assigned values from one to five (addresses 67-71). 
This equates to (5x 8E4=20480) count units. A single count 
unit is considered used (or cleared) when it is written to "0", 
and reset when erased during a byte, or digit, erase. 


Changes in each digit by write and erase operations are 
driven by external software via the ISO protocol. Internal 
control logic governs allowed write and erase operations. 
Write operations, 
in the allowed 
address 
range, 
are 


unrestricted by the control log. 
Erase operations are not 


allowed until a bit in the next higher order count digit is 
written from a "1" to a"O". This is called a byte erase after 
bit-carry write as shown in Figure 3. 
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Packaging 
All Atrnel smart card secure ICs are available in wafer, die, 
or standard packaging. 
All die can be tested and screened 
to either a commercial 
or industrial flow, and can be 


background to thicknesses of 6 to 21 mils, ± 0.2 mils. 
Standard packages include plastic DIPs, SOICs, PLCCs 
and micromodules. 


Absolute 
Maximum Ratings* 
-NOTICE: Stresses beyond those listed under "Absolute Maximum 
Ratings" may cause pennanentdamage 
to the device. This is astress 
rating only, and functional operation of the device at these or any 
other conditions beyond those indicated in the operational sections 
of this specification is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 


Operating Temperature 
-55°C to +125°C 
Storage Temperature 
-65°C to +150°C 
Voltage on Any Pin 
with Respect to Ground 
-1.0 V to +7.0 V 
Maximum Operating 
Voltage 
6.6 V 
DC Output Current 
5.0 mA 


Symbol 
Parameter 
Mln 
Typ 
Max 
Unit 


Vcc 
Suply Voltage 
4.5 
5.0 
5.5 
V 


ICCl 
Supply Current (Read) 
0.25 
0.3 
0.4 
mA 


ICC2 
Supply Current (Write) 
1.0 
1.5 
2.0 
mA 


IS8 
Standby Current 
1.0 
9.0 
12.0 
J.1A 


IlL 
Input leakage 
Current 
100.0 
J.1A 


IOL 
Output leakage 
Current 
10.0 
J.1A 


VIL 
Input low 
level(1) 
-1.0 
Voo x 0.3 
V 


VIH 
Input High level(1) 
VSS x 0.7 
Voo x 0.5 
V 


VOL 
Output low 
level 
(IOL = 2.0 mAl 
0.5 
V 


Symbol 
Parameter 
Mln 
Typ 
Max 
Unit 


fRST 
Address Reset Pulse High 
50 
J.1S 


tR 
Input Rise Time(1) 
1 
J.1S 


tF 
Input Fall Time(1) 
1 
J.1S 


tL 
ClK 
Pulse low Width 
10 
J.1S 


tH 
ClK 
Pulse High Width 
10 
J.1S 


tWRT 
Write Operation Time 
0.25 
0.5 
1.5 
ms 


tCLR 
Erase Operation Time 
0.25 
0.5 
1.5 
ms 


tl 
Address Reset Setup Time 
5 
J.1S 


t2 
Address Reset Hold Time 
5 
J.1S 


t3 
ClK 
low After Address Reset 
10 
J.1S 


t4 
Data Propagation 
Delay 
0.5 
J.1S 


ts 
RST low After ClK 
low 
5 
J.1S 


t6 
ClK 
WRT Pulse After RST low 
5 
J.1S 


t7 
ClK 
low After ClK 
WRT Pulse 
10 
J.1S 


ts 
SD Valid For Input Data 
0.1 
J.1S 


t9 
SD Input Data Setup Time 
0.1 
J.1S 


Note: 
1. This parameter is characterized and not 100% tested. 
2. These write time parameters are the required minimum times depending on Vcc and temperature. 
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Features 
• 1K x 1 Serial 
E2PROM With Security 
Logic 
• Available 
In Two Memory 
Organizations: 
AT88SC101 
11K 
x 1 
Memory 
Zone 
AT88SC102 
2 
512 x 1 
Memory 
Zones 
• Supports 
ISO/IEC 7816-3 Synchronous 
Protocol 
• Stores 
and Validates 
security 
Codes 
• COunts Incorrect 
Security 
COde Attempts 
• Provides 
Transport 
Code Security 
• Manufactured 
Using 
Low Power CMOS Technology 
• Vpp Internally 
Generated 


• 2 IlS Read Access 
TIme; 1 ms Write Cycle Time 
• Temperature 
Range From ·25°C to 70°C 
• ESD Immunity> 
4K Volts 


• High Reliability: 
100,000 Write/Erase 
Cycles 
100 Years Data Retention 
• Background 
Wafer and Ole Available 
From 6 to 21 mils 


Block Diagram 


ISO 
Pad 
card 
Module 
Contacts 
Contact 
# 
Cl 
8 
Operating Vonage 
Vcc EJ 
~vss 
C2 
7 
Reset 


C3 
6 
Clock and Address Control 
RST~ 
E]NC 
C4 
5 
Identification Fuses 


C5 
1 
Ground 
CLKB Bso 
C6 
2 
No Connect 
FUsB 
BPGM 
C7 
3 
Bi-directional Data Port 


C8 
4 
Programming Control 
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The security features of Atmel's AT88SClOl/l 02 include: 


• data access only after validation of the security code 
- permanent invalidation of device upon four 


consecutive false security code presentations 
- read/write protection of certain memory wnes 
- device reset if power drops 
- secure transport of devices using transport 


code compare sequence 


1be AT88SClOl/I02 
is manufactured using low-power 


CMOS technology and features its own internal high- 
VOltagepump for single voltage supply operation. 
The 


devices are guaranteed to 100,000 erase/write cycles and 
100year data retention. Endurance up to one-million Write 
cycles has been demonstrated. 
The AT88SClOl/l02 


supports the ISO/lEC 7816-3 synchronous protocol. 


AT88SC101 
AT88SC102 


Memory Partitions 
Address 
Bits 
Address 
Bits 


Fabrication 
Zone (FZ) 
0-15 
16 
0-15 
16 


" 


Issuer Zone (IZ) 
16 - 79 
64 
16 -79 
64 


,. 


Security Code (SC) 
80 - 95 
16 
80 - 95 
16 


Security Code Attempts Counter (SCAC) 
, 
96· 
111 
16 
96· 
111 
16 


Code Protected Zone (CPZ) 
112 -175 
64 
112 -175 
64 


~ 
Application 
Zone 1 (AZ1) 
176 -1199 
1024 
176 - 687 
512 
~ 
~/ 
1/ 
~ 
.-::" 
1;- 


Application 
Zone 1 Erase Key (EZ1) 
1200 - 1231 
32 
688 -735 
48 


Application 
Zone 2 (AZ2) 
..•.•..•._----- 
------ 
736 - 1247 
512 


~:/ 
1~ 
1" 
~/ 
~" 
1~ 
. 


Application 
Zone 2 Erase Key (EZ2) 
--- .•._ .•.-- 
----- 
1248 - 1279 
32 


Erase Counter (EC) 
1232 - 1359 
128 
1280 - 1407 
128 


-:;/ 
, , 
. 
~'/ 
,-:/ 
~'/ 
/, 
~'/ 


Memory Test Zone (MTZ) 
. 


1360 - 1375 
16 
1408 - 1423 
16 


TOTAL BITS 
I 
1 
1376 
1424 


Definition of AT88SC101/102 
Memory Partitions 
FABRICATION 
ZONE (16 bits): 
Programmed by the 


manufacturer with a specific identifier for each customer. 
FUSEI is blown by the manufacturer after programming 
the fabrication code, which 
makes the fabrication zone 


unalterable. 


ISSUER ZONE (64 bits): Programmed by the issuer before 
finalizing personalization. 
The data stored in the issuer 


zone is unalterable after FUSE2 is blown. 


SECURITY CODE (16 bits): 
Must be presented by the 


issuer to access circuit memory and personalize device 
before blowing FUSE2. This secures transportation between 
the manufacturer 
and the issuer. After the device is 


personalized and FUSE2 is blown, this code protects the 
access to the application zone(s) of the card. 


SECURITY CODE ATTEMPTS 
COUNTER (16 bits): 
Counts the numberofincorrect 
security code attempts. The 


device is locked after 4 false presentations. 


USER PROTECTED ZONE (64 bits): Writing and erasing 
this zone is protected. The number of program/erase cycles 
is guaranteed up to 100,000. 


APPLICATION ZONE(S) (1024 or 512 bits): 
Reading 


and programming the application zone(s) are controlled by 
the first 2 bits of the zone (pR, RD) and by the security code 
(Tables 1 and 2). The erasure of each zone is protected by 
an erase key specific to each zone. 


APPLICATION ZONE ERASE KEY (32 or48 bits): Must 
be presented to authorize the erasure of the application 
zone(s). 
The key(s) must be programmed 
during the 


personalization of the circuit. 


ERASE COUNTER (128 bits): 
Limits the number of 


erasures of the last zone to 128 or less. 


MEMORY TEST ZONE (16 bits): Allows pattern testing 
at this memory location. 


Memory Access to AT88SC101 and AT88SC102 
The access to the memory is controlled by the state of the internal fuses and by the voltage supply applied on the FUS pad: 


FUS Pad 
State of the FUSES 
Access 
Conditions 
see: 
Voltage 
FUSE 1 
FUSE 2 


OV 
Either 
Either 
Table 2 


5V 
Blown 
Not Blown 
Tablel 


5V 
Not Blown 
Blown 
Table 2 
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S 1 
1 
2 
2 
E 
E 
E 
WRITE 
1 
WRITE 
0 
Zones 
CP 
R 
P 
R 
Z 
Z 
C 
READ 
(Erase) 
(PROG) 
Compare 


R 
D 
R 
D 
1 
2 


Fl 
X X 
X 
X 
X 
X 
X 
X 
YES 
NO 
NO 
NO 
IZ 
o X 
X 
X 
X 
X 
X 
X 
YES 
NO 
NO 
NO 


1 X X 
X 
X 
X 
X 
X 
YES 
YES 
YES 
NO 
SC 
o X X 
X 
X 
X 
X 
X 
NO 
NO 
NO 
YES 


1 X 
X 
X 
X 
X 
X 
X 
YES 
YES 
YES 
NO 
SCAC 
o X 
X 
X 
X 
X 
X 
X 
YES 
NO 
YES 
NO 


1 X 
X 
X 
X 
X 
X 
X 
YES 
YES 
YES 
NO 
CPl 
o X 
X 
X 
X 
X 
X 
X 
YES 
NO 
NO 
NO 


1 X 
X 
X 
X 
X 
X 
X 
YES 
YES 
YES 
NO 
All 
o X 
0 
X 
X 
X 
X 
X 
NO 
NO 
NO 
NO 


0 
X 
1 
X 
X 
X 
X 
X 
YES 
NO 
NO 
NO 


1 X 
X 
X 
X 
X 
X 
X 
YES 
YES 
YES 
NO 
Ell 
0 
X 
X 
X 
X 
X 
X 
X 
NO 
NO 
NO 
NO 


1 X 
X 
X 
X 
X 
X 
X 
YES 
YES 
YES 
NO 
AZ2 
0 
X 
X 
X 
0 
X 
X 
X 
NO 
NO 
NO 
NO 


0 
X 
X 
X 
1 
X 
X 
X 
YES 
NO 
NO 
NO 


1 X 
X 
X 
X 
X 
X 
X 
YES 
YES 
YES 
NO 
EZ2 
0 
X 
X 
X 
X 
X 
X 
X 
NO 
NO 
NO 
NO 


1 X 
X 
X 
X 
X 
X 
X 
. , 
YES 
YES 
YES 
NO 
EC 
0 
X 
X 
X 
X 
X 
X 
X 
YES 
NO 
YES 
NO 


1 X 
X 
X 
X 
X 
X 
X 
YES 
YES 
YES 
NO 
MTZ 
X X 
X 
X 
X 
X 
X 
X 
YES 
YES 
YES 
NO 


NOles: 


SC: 
IPR: 
lRD: 
2PR: 


SC = 1 after validation of security code 
1st bit of AZI 
(Bit 176) 


2nd bit of AZ I(Bit 177) 
1st bit of AZ2 (Bit 736) - AT88SCI02 only 


2RD: 
20d bit of AZ2 (Bit 737) - AT88SCI02 only 


EZ 1: 
EZ 1 = 1 after a valid presentation of erase key 1 


EZ2: 
EZ2 = 1 after a valid presentation of erase key 2 


EC: 
EC = 1 when the counter is not empty. 


51 
1 
2 
2 
E 
E 
E 
WRIlE1 
WRllEO 


Zone. 
CP 
R 
P 
R 
Z 
Z 
C 
READ 
(Erase) 
(PROG) 
Compare 


R D 
R 
D 
1 
2 
2 


FZ 
X X X X X 
X X 
X 
YES 
NO 
NO 
NO 


IZ 
X X X X X 
X X 
X 
YES 
NO 
NO 
NO 


SC 
o X X X X 
X X 
X 
NO 
NO 
NO 
YES 
1 X X X X 
X X 
X 
NO 
YES 
YES 
NO 
SCAC 
0 X X X X 
X X 
X 
YES 
NO 
YES 
NO 
1 X X X X 
X X 
X 
YES 
YES 
YES 
NO 
CPZ 
0 X X X X 
X X 
X 
YES 
NO 
NO 
NO 


1 X X X X 
X X 
X 
YES 
YES 
YES 
NO 
All 
o X 0 X X 
X X 
X 
NO 
NO 
NO 
NO 


o X 1 X X 
X X 
X 
YES 
NO 
NO 
NO 


1 0 X X X 
0 X 
X 
YES 
NO 
NO 
NO 
1 0 X X X 
1 X 
X 
YES 
YES 
NO 
NO 


1 1 X X X 
0 X 
X 
YES 
NO 
YES 
NO 
1 1 X X X 
1 X 
X 
YES 
YES 
YES 
NO 
EZ1 
X X X X 0 
X X 
X 
NO 
NO 
NO 
YES 


AZ2 
o X X X 0 
X X 
X 
NO 
NO 
NO 
NO 


o X X X 1 X X 
X 
YES 
NO 
NO 
NO 
1 X X 0 X 
X 0 
X 
YES 
NO 
NO 
NO 


1 X X 0 X 
X X 
0 
YES 
NO 
NO 
NO 
1 X X 0 X 
X 
1 
1 
YES 
YES 
NO 
NO 
1 X X 
1 X 
X 0 
X 
YES 
NO 
YES 
NO 
1 X X 
1 X 
X X 
0 
YES 
NO 
YES 
NO 
1 X X 
1 X 
X 
1 
1 
YES 
YES 
YES 
NO 
EZ2 
o X X X X 
X X 
X 
NO 
NO 
NO 
YES 
EC 
X X X X X 
X X 
X 
YES 
NO 
YES 
NO 
MTZ 
X X X X X 
X X 
X 
YES 
YES 
YES 
NO 


Notes: 


SC: 
IPR: 
IRD: 
2PR: 


SC = I after validation of security code 
1st bit of AZI 
(Bit 176) 
2nd bit of AZI(Bit 177) 
1st bit of AZ2 (Bit 736) - AT88SCI02 only 


2RD: 
2nd bit of AZ2 (Bit 737) - AT88SC 102 only 


EZI: 
EZI = I after a valid presentation of erase key I 


EZ2: 
EZ2 = I after a valid presentation of erase key 


EC: 
EC = I when the cOWlteris not empty. 
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Modes of Operation 
The AT88SClOl/l02 
has four operation modes selected by PGM, RST, CLK, and by the internal counter: 


Inputs 
PGM 
RST 
elK 
Definitions 


Micro Instructions 


The address counter is reset to 0 and the first bit of the 
RESET 
X 
'-- 
0 
memory is available on I/O after RST and ClK 
hit o. 


Note: The INC instruction is disabled when RST is high 
(Figure 1). Address counter is reset on the falling edge 
of RESET. 


The address counter is incremented 
and the first bit is 
INC 
0 
0 
V 
available 
on I/O after the falling 
edge of the clock 
(INC/READ) 
(unless reading is forbidden) (Figure 2). Address incre- 
ments on falling edge of ClK. 
Data is released after the 


falling edge of ClK. 


Comparison 
of the bit presented 
to the card to the 
CMP 
0 
0 
V 
internal bit of the memory (for secret codes only). The 
(INC/CMP) 
bit should stay stable on I/O during the time ClK is low. 
The address counter is incremented on the falling edge 
of the ClK 
(Figure 3). 


J 
I/O must be positioned on 0 for programming 
or on 1for 


WRITE 
1 
0 
erasure before the rising edge of ClK which must stay 
on 1 for at least 5ms. The bit addressed (which will be 


'-- 


written) is available on I/O after the falling edge of the 
VERIFY 
0 
0 
ClK 
(Figure 4). 


NOles: 1. Output is disabled (Hi state) on addresses where read is disabled. 
2. If VDDfalls between approximately 3V and 4V the chip will execute a power-on reset. 
3. The 2 instructions CMP and UP are coded (0,0) on CLK and PGM. The circuit will distinguish between the 2 instructions 


by testing the internal address counter (CMP can only be done with the addresses corresponding to the security code or erase key. 


4. The internal address counter counts up to 1519 for \Oland 1567 for \02. An additionallNC 
sets the counter to O. 


RESET 
n INC; 
position counter 
onbij 


WRITE (WRITE 0) 
RESET 
n INC; 
position counter 
onbij 
WRITE 0 
INC; 
go to next bit 
WRITE 0;... 


CMP 
• SECURITY 
CODE 


RESET 
n INC; 
position counter on 
any bit in word 
WRITE 1 
n INC; 
position counter on 
any M in next word 
WRITEL 


RESET 
79 INC; 
position counter on 
Mpreceding SC 
16 CMP; verify security code 
n INC; 
If none of the 1st 
4 bits of the FAC is " 
then 4 unsuccessful 
alt8mpts have been 
made to verily SC, 
and the device is 
inoperable. If any of the 
1st 4 bits is a " then: 
WRITE 0 
WRITE 1; Reset the FAC 


RESET 
n INC; 
position counter on bit 
preceding access 
code or erase key 
n CMP; 
verify access code or 
erase key 
; n = 32 or 48 bits 
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verify erase keys 
AT88SC10l Zone 1188$0102 Zone 2' 
RESET 
32CMP 
n INC; n .1232 
(101), n .1280 
(102) 
VERIFY 1; verify 1 in EC 
WRITE 0; wrila 0 in EC 
WRITE 1; erase application zone 


AT88$0102 Zollll l' 
RESET 
48CMP 
n INC; 
n = 736 
WRITE 1; erase application zone 


RESET 
n INC; n. 
1392 (101) 
n. 
1440 (102) 


WRITE 0 


RESET 
n INC; n. 
1392 (101) 
n = 1440 (102) 


WRITE 1 


• 


'lIDEI 


tRH 0 IUl 
(min) 


110 


~ 


tOV(m~~1Ul 
_ 
OUTPUT 
DATA 
VALID 
\_-- 


ADDRESS 
COUNTER 


teL 0.21Ul~ 
te~m~~~ItS----=lH 


(m'" \1 I...~ 81Ie, '.'" 
" 
r~uuu,uulu.~ L 


tov 2.0IUl 
(max) 
toH 0ItS 
(min) 


OUTPUT 
DATA VALID 


tsc 
tHe 
OIlS 
O.21lS 
(min) 
(min) 


MODE: INPUT'· 
.........••••••••••....•...............•..••• 
~ 


DATA IN, IS LATCHED 
ON TllE 
RISING 
EDGE OF CLK. 
TllE 
COMPARE 
IS PERFORMED 
ON TllE 
FAWNG 
EDGE OF TllE 
CLK. 


ge~~)( 
X 
_ 


toH 
o J.lS 
(min) 


PGM 


MOOE: 
OUTPUT 
--------------------.INPUT 
._----- 
-----~ 
OUTPUT 
-----_ 


• 
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LS1Ul _ 


.. 
.. 
.. 
.. 
-nJLJL~.-- 


" 
.0 
=rLJK->C 


L 


10 
., 
va MaDE:---+lOUTPUT~ 
INPUT~~ 
INPUT-~ 


ADDR~ 
>C 


A) Compare sequence of the security code or the application rone erase key. 
B) First bit which is at a logic I, in the false attempts counter to validate SC, or in the recharge counter to validate EZ. 
C) Program sequence attempts to write a 0 over the 1 currently at this address. 
D) The chip outputs the new state of the bit 
If a 0 has been successfully programmed, SC or EZ is set on the rising edge 


of PGM. (Note: If CLK rises when PGM is low, the validation is aborted.) 
E) This program sequence will erase either the false attempts counter or the application rone. 
F) 
Chip outputs state of the current bit. If the erase was successful, the chip will output a I if the current bit is in the false 
attempts counter. The chip will output a 0 if the current bit is in the recharge counter. 


G) On the falling edge of clock, the address is incremented and the state of the next bit is output. 


Absolute 
Maximum Ratings· 
·NOTICE: Stresses beyond those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a stress 
rating only. and functional operation of the device at these or any 
other conditions beyond those indicated in the operational sections 
of this specification is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 


Operating Temperature 
-55°C to +125°C 


Storage Temperature 
-65°C to +150°C 


Voltage on Any Pin 
with Respect to Ground 
-1.0 V to +7.0 V 


Maximum Operating 
Voltage 
6.6 V 


DC Output Current 
5.0 mA 


DC Characteristics 
Die TAMB = -25°C to 70°C. Vcc = 5V ± 10%. Vss = 0 V (unless otherwise specified) 


Symbol 
CharacteristIcs 
Mln 
Typ 
Max 
Unit 


Icc 
Supply Current on Vcc out of 
- 
- 
3.0 
mA 


Program (tAMB= + 25 C). 


Iccp 
Supply Current on Vcc during 
- 
- 
4.0 
mA 


Program (tAMB= + 25 C). 


ICCSB 
Standby Current on Vcc 
- 
- 
100 
j.tA 


(RST @ Vcc, FUS, CLK, PGM @ VSS 


110 = OJ.tA. fClK = 0 KHz). 


Vll 
Input Low Level 
-0.3 
- 
I. 
0.8 
V 


VIH 
Input High Level 
2.0 
- 
Vcc+1 
V 


VOL 
Output Low Level (l0l = 1mAl 
- 
- 
0.4 
V 


I 
I/O Leakage Current 
-50 
- 
50 
j.tA 


Notes: 
1. There is a pullup on pin RST. 
2. There are puIJdowns on pins PUS. CLK and PGM. 


All Atmel smart card secure ICs are available in wafer. die. 
or standard packaging. 
All die can be tested and screened 


to either a commercial 
or industrial flow. and can be 


background to thicknesses of 6 to 21 mils, 
± 0.2 mils. 


Standard packages include plastic DIPs, SOICs. PLCCs 
and micromodules. 
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AC Characteristics 
Die TAMB = -25°C 
to 70°C. Vcc = 5V ± 10%. Vss = OV (unless otherwise 
specified). 


Symbol 
Characteristics 
Mln 
Typ 
Max 
Unit 


fClK 
Clock Frequency 
- 
- 
300 
KHz 


tClK 
Clock Cycle Time 
3.3 
- 
- 
J.1S 


tRH 
RST Hold Time 
0 
· 
. 
J.1S 


tOVR 
Data Valid Reset to Address 0 
- 
- 
2.0 
J.1S 


tCH 
ClK 
Pulse Width (High) 
0.2 
- 
- 
J.1S 


tCl 
ClK 
Pulse Width (low) 
0.2 
- 
- 
J.1S 


tov 
Data Access 
- 
- 
2.0 
J.1S 
- 


toH 
Data Hold 
0 
- 


\' 
- 
J.1S 


tsc 
Data In Setup (CMP Instruction) 
0 
- 
- 
J.1S 


tHC 
Data In Hold (CMP Instruction) 
0.2 
- 
- 
J.1S 


tCHP 
ClK 
Pulse Width (High in Programming) 
5.0 
- 
- 
ms 


tos 
Data In Setup 
0.2 
- 
- 
J.1S 


tOH 
Data In Hold 
0 
- 
- 
J.1S 


tSPR 
PGM Setup 
2.2 
· 
- 
J.1S 


tHPR 
PGM Hold 
0.2 
· 
- 
J.1S 


tOH 
Data Hold from ClK 
0 
- 
- 
J.1S 


Conditions of Dynamic Tests 
The circuit has an output with open drain. 
An external resistance 
is thus necessary 
between 
Vcc and I/O in order to load 
the output. 


Pulse Levels of the Input: 
Reference 
Levels in Input: 
Reference 
Levels in Output: 


Rising and Falling Time of Signals: 


Vss to 3.0V 
O.8V and 2.0V 
O.8V and 2.0V 
5ns 


Features 


o 
2K x 1 Serial E2PROM 


o 
800 Usable Gates 
Low Voltage Operation (3.0 to 6.0 Volts) 


o 
Memory can be Segmented and Protected 


o 
Performs Block Functions on 8-, 16-, 32·, and 64·BIt Words 


o 
Five E2PROMFuses for Control and Security 


o 
Manufactured Using Low Power CMOS Technology 
Vpp Internally Generated 


o 
2 J.1S Read Access Time; 1 ms Write or Erase Time 


o Temperature Range from -40°C to 85°C 


o 
ESD Immunity> 4K Volts 


o 
High Reliability and Endurance: 
100,000Write/Erase Cycles 
25 Years Data Retention 


o 
High Voltage capability for RF Interface 


o 
Ideal for Smarf cards, 10 Tags, Keys, and Other Secure, Portable, 
Applications 
BSC200 
eliminary 


Description 


The AT88SC200 provides 2048 bits of serial E2PROM (Electrically Erasable and 
Programmable Read Only MemorY) with 800 gates of usable CMOS for use as 
personalization, security, and,glue logic. The AT88SC200 is ideal for high-volume 
applications requiring 2K E2p 0 
~th cu om logic. such as smart cards, ID tags, 
keys. and other secure, poJtable appli alions. 


Pad Configur 


Pad 
Pad 
Description 
# 
Name 
1 
Vss 
2 
UfO 


3 
UfO 


4 
UfO 


5 
UfO 


6 
ClK 


7 
RST 


8 
Vex; 


Ground 


User Defined 


User Defined 


User Defined 


User Defined 


Clock and Address 
Control 


Reset 


Operating 
Vo~age 
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The outputs of the AT88SC200 ~an sink and source up to 
7 mA. The inputs are TTL compatible and use a Schmitt 
Trigger design. The device also provides pull-down and 
pull-up capability for floating signals. The AT88SC200 is 
manufactured 
using low-power CMOS technology and 


features its own internal high voltage pump for single 
voltage supply operation. 
The devices are guaranteed to 


100,000 erase/write cycles and 100 year data retention. 
Endurance 
up to one-million 
write cycles 
has been 
demonstrated. 
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Atrnel will personalize the 800 gates oflogic as described 
in Figure I. The customer's design will be accepted in one 
of three formats: 
• Functional Description 
• Schematic 
• Compatible Netlist 
Compatible 
netlists can be generated 
from Mentor™, 


Cadence™, Viewlogic™, Dasix™ and Valid ToolsTM. 
The personalized 
devices 
are available 
in wafer, die, 
micromodule, or standard packages. 


Fl<nctional Description, 


Schematics, 
Specifications. 
or Compatible 
Nellist 


Schematic 
Capture 
or 
Design Synthesis 
and 
Simulation 


Cadence, 
Dasix, Mentor, Valid Tools and Viewlogic may be trademarks 
of others. 
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Absolute 
Maximum F,latings· 
*NOTICE: Stresses beyond those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a stress 
rating only. and functional operation of the device at these or any 
other conditions beyond those indicated in the operational sections 
of this specification is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 


Operating Temperature 
-55°C to +125°C 


Storage Temperature 
-65°C to +150°C 


Voltage on Any Pin 
with Respect to Ground 
-1.0 V to +7.0 V 


DC Characteristics 
Die TAMB= -40°C to +85°C. Vcc = 5 V ± 10%. Vss = 0 V (unless otherwise specified) 


Symbol 
Characteristics 
Mln 
Typ 
Max 
Unit 


Icc 
Supply Current on Vcc out of 
- 
- 
3.0 
mA 


Program (tAMB = + 25°C). 


Iccp 
Supply Current on Vcc during 
- 
- 
4.0 
mA 


Program (tAMB = + 25°C). 


VIL 
Input Low Level 
-0.3 
- 
0.8 
V 


VIH 
Input High Level 
2.0 
- 
Vcc+1 
V 


VOL 
OUtput Low Level (IOL= 7 mAl 
- 
- 
0.4 
V 


VOH 
OUtput High Level (IOH= 7 mAl 
2.4 
- 
- 
V 


IL 
1/0 Leakage Current 
-50 
- 
50 
J.1A 


All Atmel smart card secure ICs are available in wafer, die, 
or standard packaging. 
All die can be tested and screened 


to either a commercial 
or industrial flow. and can be 


background to thicknesses of 6 to 21 mils. 
± 0.2 mils. 


Standard packages include plastic DIPs, SOICs. PLCCs 
and micromodules. 
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Features 


• Enhanced Intel 8OC31 Mlcrocontroller Offers Maximum Security for High 


Security Smart card Applications 


• 8 Kbytes E2PROM Program Memory Provides Higher Level of Security than 


Traditional ROM 


• 8 Kbytes E2PROM Application/Data Memory 


• 768 Bytes Internal RAM 


• 512-blt Public Key Math Coprocessor Performs Modular Exponentiation In 


2.0 Seconds 


• Supports Public Key Protocols-RSA, DSA, and Diffie-Heilman 


• Optional OS Implements Secure Hashing Functions, DES, Access Control 


Protocols, Digital Signatures, and Key Management SChemes 


• 100% Field-Programmability 
Provides Maximum Flexibility 


• Advanced Internal Security Allows New Applications to be Downloaded and 


Executed Without Compromising System Security 


• Programmable Memory Access Control Protects Critical Sections of Programl 


Data Memory 


• ISOIIEC 7816-3 Compliant 


Description 


The AT88SC54C is an 8OC3l-based smart card device designed specifically or the 
high-security, public key cryptosystem marketplace. 
In addition to an enhanced 


80C3l core, the device contains a 5l2-bit public key math coprocessor (pK(::) that 
performs a 5l2-bit 
modular exponentiation 
in 1.5 seconds. 
Th(} COpro ssor 


includes a built-in random number generator and contains 3 Kbits of additional 
RAM for operands to enable CPU independent operation. 


The AT88SC54C 
contains a total of 16 Kbytes of Electriclilly Erasable and 


Programmable Read Only Memory (E2PROM) and 768 bytes of RAM. 
8 Kbytes 
ofE2PROM is available for program memory. which provides a higher level of code 
security than traditional ROM. Using E2PROM for program memory also provides 
additional flexibility by allowing the application code to be programmed ateither the 
wafer or card level. The remaining 8KQylesofE2pROM is available for application! 
data memory. 


, 
.- 


ISO 
Pad 
Pad 
Description 
Contact 
# 
Name 


C1 
8 
Vcc 
Operating 
Vohage 


C2 
7 
RST 
Reset 


C3 
6 
ClK 
Clock 


C4 
5 
NC 
No Connect 


C5 
1 
Vss 
Ground 


C6 
2 
NC 
No Connect 


C7 
3 
va 
Bi-directional 
Data Port 


C8 
4 
NC 
No Connect 


v~EJ 


RST~ 


CLKB 
NcB 
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Elvss 
a NC 
B so 
El NC 


• 


512 bytes 
RAM 


Public Key 
Coprocessor 
(PKC) 
OS/Program 
8KE2PROM 


Status 
Indicators 


The device is compatible with the industry standard 80C3l 
microcontroller instruction set. The AT88SC54C contains 
256 bytes of scratch pad RAM, two l6-bit timer/counters 
and a five-source, 
two-level interrupt architecture The 
AT88SC54C supplies all the necessary timing and high 
voltage functions required for programming the E2PROM 
and no external support circuits are required. 


The 8K bytes ofE2pROM are guaranteed to 100,000 Write/ 
Erase cycles and 100 years data retention. Endurance up to 
one-million write cycles has been demonstrated. 


The AT88SC54C 
is specifically 
designed to meet the 
rigorous security demands of the high-security smart card 


AppllcatlonlData 
8KE2PROM 


ISO 
Contacts 


Vcc 


ClK 


serial 
Interface 


marketplace. 
The public key coprocessor (PSC) supports 


the public key algorithms ofRSA, Diffie-Hellman, 
DSA, 


etc. Software libraries are available to implement secure 
hashing functions, DES, access control protocols, digital 
signatures and key management schemes. 


The AT88SC54C, 
combined 
with advanced 
security 


software, is ideal for high-security 
applications such as 


public key digital signature generation and verification, 
access control, personal identification and authentication, 
cryptographic key management, payment systems and off- 
line transactions. 


Device IMemory 
Module 
. 
Memory 
Type 


Public Key Coprocessor 
(PKC) 
Data 


8Kx8 
PPROM 
, 
Program/OS 


8Kx8 
PPROM 
Application/Data 


512 Bytes RAM 
- 
Data 


I/O Module 
Data 


Memory Access Controller 
(MAC) 
r 
Data 


OS Entry Point Control Module 
Data 


Status Indicators 
- 
" 
. 
OTP 
, 


Fuses 
OTP 


Functional Description 


At the core of AT88SC54C 
is an enhanced 
80C31 


microcontroller. 
The E2PROM, RAM and public key 
coprocessor are integrated with the 80C31 microcontroller 
into a single chip. Several enhancements to the operation of 
80C31, along with the built-in programmable 
memory 


access controller, OS entry point controller, and one-time 
programmable 
status 
indicators 
achieve 
the security 


objectives of the AT88SC54C. 


Enhanced 
SOC31 Microcontroller 
meets the advanced 


security 
objectives 
of the AT88SC54C. 
The 8OC31 


enhancements include: 


Detection of program execution from address range 0 
to IFFFh. 


Detection of MOVC, LCALL, RET, RETI, LIMPand 
JMP instructions. 


Loads 
a OFFh into accumulator 
when a MOVC 


instruction is executed from address range beyond 
IFFFh and the source of the constant is in address 
range 0 to IFFFh. 


A memory 
access or OS entry point violation or 


execution of the instructions LCALL, RET, RETI, 
LIMP and JMP by the code in the application program 
space generates anon-maskable interrupt. An interrupt 
service routine can be written to take appropriate 
action. 


Public 
Key 
Math 
Coprocessor 
(PKC) 
provides 


processing capability 
for public key cryptography math. 


8K x 8 Program 
Memory EZPROM contains 8K bytes of 
OS, program, or OS and application code. The OS is loaded 
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at the wafer level, 
and the application 
code can be 


programmed atthe wafer level or can be serially programmed 
using the OS and the serial port of the AT88SC54C. 


8K x 8 Data Memory 
E2PROM 
can be used as either 


application or data memory, and contains fuses for write/ 
erase protection as well as test and status fuses. 
This 


memory can be segmented and protected in 512 byte blocks 
if more than 8K of program memory is needed. 


512 Bytes RAM provides additional scratch pad memory 
for the OS, RSA and other application code. 
Since the 


address decoding circuitry partitions the memory in 4K 
blocks, images of the 512 byte RAM occupy the entire 4K 
range at intervals of 512 bytes. 


1/0 Module consists of an 8-bit buffer and an 8-bit latch. 
Data can be read or written from these ports. 


MAC Module can be programmed to prevent access to a 
contiguous block of memory. 
When programmed, 
the 


MAC controls access to memory from program code that is 
executed from an address range beyond IFFFh. 


OS (Internal 
Code Space) Entry PointControll 
Module 


provides the ability to control the point of entry into the OS 
code space by programming an entry point address. 


Status Indicators 
can only be written with a value of I. 


These indicators are accessible by the codeexecuted in the 
address range 0 to IFFFh. 
There are 8 status indicators. 


These can be used by the OS code to provide additional 
security features. 


Fuses are available for memory protection, test, and other 
security features. 


II 


Public Key Math Coprocessor 


The public key math coprocessor (PKC) accelerates the 
computations 
required 
to 
implement 
public 
key 


cryptography. 
The coprocessor 
can perform addition, 
multiplication, 
and exponentiation 
modulo an arbitrary 


integer. 
This capability can be used for implementing 


public key algorithms such as RSA, DSA, and Diffie- 
Hellman, fordigital signature and key management purposes. 


The PKC can handle operands up to 512 bits in length. A 
modular 
exponentiation 
using 
512-bit 
operands 
will 


typically take less than 2.0 seconds when using an input 
clock frequency of 11.0592 MHz. By using a higher input 
clock rate, as well as other mathematical 
techniques 
depending 
on 
the 
particular 
cryptosystem 
being 


implemented, this time can be significantly reduced. 


The PKC contains 3000 bits of dedicated RAM for operand 
and result storage. 
Computations require no intervention 


by the 80C31 microcontrollerotherthan loading the operands 
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and starting the desired calculation by writing to the correct 
address. The PKC indicates completion of the calculation 
by setting a "READY" bit which the application code can 
poll for. 


As part ofits design, the PKC incorporates logic to facilitate 
the implementation of a high-quality digital pseudorandom 
number generator. ThePKC operates by repeatedly squaring 
a secret seed value modulo a large prime. 
After each 


squaring operation, the least -significant bit of the result is 
shifted into a holding register 
1. 
These bits are then 


available for use by an application requiring "random" data. 
For example, this feature is 
useful when implementing 


challenge-response 
protocols or certain types of digital 


signature schemes. The strength of the generator depends 
on keeping the seed value secret. 
Facilities for secure 


storage of data are built into the mem0t':! acCC1'.1'. control 
architecture of the AT88SC54C. 


1For more information on this technique please see: Blum L., Blum M., and Shub M., "Comparison of two pseudorandom 
number generators", Proceedings of CRXPTO '82. Plenum Press, 1983, pp. 61-78 


Serial Programming Interface 


The os code can be loaded at the wafer or card level by 
using a 3-wire serial programming intetface that requires 
the control input pins of RST. CLK and I/O. 


Serial programming 
operations 
are controlled 
by five 


instructions issued by the user. A valid instruction consists 
of a start bit (logic '1') followed by the appropriate op code 
and the desired memory address code and data bits. 


READ (READ): 
The READ instruction contains the 


address code for the memory location to be read. After the 
instruction and address are decoded, data from the selected 
memory location are available at the serial I/O pin. Output 
data changes are synchronized with the falling edges of 
clock (eLK). 


ERASE/WRlTE 
ENABLE 
(EWEN): 
To assure data 


integrity. the part automatically goes into the Erase/Write 
Disable (EWDS) state when power is first applied. 
An 


EWEN instruction 
must be executed 
first before any 
programming instructions can be carried out. Please note 
that once in the EWEN state, programming remains enabled 


until an EWDS instruction is executed or VDD power is 
removed from the part. 


WRITE (WRITE): The WRITE instruction contains the 8 
bits of data to be written into the specified memory location. 
The self-timed programming cycle starts after the last bit of 
data is received. The I/O pin outputs a 'Low' to indicate that 
E2PROM programming is still in progress and goes into 
high impedance state when programming is completed. 


ERASE/WRITE 
DISABLE 
(EWDS): 
The 
EWDS 


instruction disables all programming modes and should be 
executed after all programming operations. The operation 
of the READ instruction is independent of both the EWEN 
and EWDS instructions and can be executed any time. 


ERASE ALL (ERAL): 
The ERAL instruction programs 


every bit in the memory array to the logic '1' state. The 
ERAL instruction is externally timed by keeping the I/O 
pin at Vss level for 10 ms after the op code. The ERAL 
instruction must be executed before any of the memory 
array can be re-programmed. 


Instruction 
Smart 
OPCode 
Address 
Data 


Bit 
MSB 
LSB 
MSB 
LSB 


READ 
1 
10 
A12 - AO 
07 - DO (out) 


EWEN 
1 
00 
11XXXXXXXXXXX 


WRITE 
1 
01 
A12 - AO 
07 - DO (in) 


EWDS 
1 
00 
OOXXXXXXXXXXX 


ERAL 


c 


1 
00 
10XXXXXXXXXXX 


Notes: 
I. All instructions must be supplied with the exact number of clock cycles. 
2. Invalid instructions will not be executed. 
3. I/O pin must be held low during normal reset operation if boot fuse is not blown. 
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J 
1 
2 
3 
24 
.... JLfLnJl .... JlSL 
~ 
~ 
~_Hi-Z 
.... 
.... 
o 
13-b~ADDRESS 
DATA OUT 


J 
1 
2 
3 
24 
.... JLfLnJl .... JlSL 


J_Hi.Z 
.. 
BUSY! 


J 
1 
2 
3 
---.JlJUlJUl 
Jl 
I 
100 


24 
.... Lnn.J.... LnJL 
ClK 


110 
1 1_ don'care 


J 
1 
2 
3 
.... 


24 
Lnn.J.... LnJL 
ClK 


110 


0-0-0--0-0-1_ 
donicare 


J 
1 
2 
3 
24 
~ 
.... 
LnSLJ .... 
l..ILl"L- 


JI..............-_n 
_ 
1 
0 
0 
1 
01 
1 
I.. 
twc = 10 ms 
•• 1 


1 
1 


Absolute 
Maximum Ratings· 


Operating Temperature 
-55°C to +125°C 


Storage Temperature 
-65°C to +150°C 


Voltage on Any Pin 
with Respect to Ground 
-1.0 V to +7.0 V 


Maximum Operating Voltage 
6.6 V 


DC Output Current 
5.0 mA 


-NOTICE: Stresses beyond those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is astress 
rating only. and functional operation of the device at these or any 
other conditions beyond those indicated in the operational sections 
of this specification is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 


ISO Contact Electrical Characteristics 
DieTAMB = -40°C to + 85°C. Voo = 5 V ±1O%. Vss = 0 (Unless Otherwise Specified) 


Symbol 
Parameter 
Mln 
Max 
Unit 


I/O Contact 


VIH 
IIHmax = +/-500 lJA 
2.0 
Vcc 
V 


IIHmax = +/-20 lJA 
0.7x 
Vce 


VIL 
IlL max = -1 mA 
0 
0.8 
V 


VOH 
IOHmax = -100 lJA 
2.4 
Vcc 
V 


IOHmax = -20 lJA 
3.8 


VOL 
IOLmax = +1 mA 
0 
0.4 
V 


tR. tF 
CIN. COUT= 30 pF 
1 
~ec 


Clock Contact 


VIH 
IIHmax = +/-200 lJA 
2.4 
Vee 
V 


IIHmax = +/-20 lJA 
0.7 x Vcc 


IIHmax = +/-10 lJA 
Vcc - 0.7 
Vcc 
V 


VIL 
IlL max = +/-200 lJA 
0 
0.5 
V 


tR. tF 
CIN = 30 pF 
9% of period 
~ec 


max = 0.5 


RSTContact 


VIH 
IIHmax = +/-200 lJA 
4 
Vee 
V 


IIHmax = +/-10 lJA 
Vee - 0.7 


VIL 
IlL max = +/-200 lJA 
0 
0.6 
V 


Vcc Contact 


Vee 
4.75 
5.25 
V 


Ice 
200 
mA 


Packaging 


All Atmel smart card secure ICs are available in wafer. die. 
or standard packaging. 
All die can be tested and screened 


to either a commercial 
or industrial flow. and can be 


background to thicknesses of 6 to 21 mils. ± 0.2 mils. 
Standard packages include plastic DIPs. SOICs. PLCCs 
and micromodules. 
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Features 
• Single Chip Solution-Analog + Digital + Memory 
• Option to Eliminate External Components (Batteries, capacitors, Colis) 
• Customized Security Features 
Optimized Analog cells: 
Voltage Rectifier 
Voltage Regulator 
Operational Amplifier 
Bandgap Voltage Reference 
Phase Locked Loop 
Voltage Controlled Oscillator 
• Enhanced Digital Library with Boundary Scan, Logic Macrocells, and 
80C31 Mlcrocontroller cell 
• Advanced E2PROMand Flash Memory Technology 
• Choice of COT or Turnkey Design Flow 
• Ideal for Contactless Smart cards, Electronic Tags, Electronic Keys 
• Used In Identification, Access, and Monetary Value Applications: 
Toll Usage 
Parking 
Mass Transit 
10 Tags 
Vending Machines 
Sensors 


Analog Circuitry 
• Power Supply Generation 
• Data Reception 
• Data Transmission 


Digital Logic 
• Control Logic 
• Security Logic 
• Glue Logic 


Description 
Atmel's nonvolatile, mixed-signal ASICs are ideal for the emerging radio frequency 
(RF) identification (ID) ma,rketplace. These ASICs combine nonvolatile memory, 
digital logic, and analog circuitry on a single chip to meet the requirements of 
contactless, nonvolatile data storage and retrieval devices. These monolithic devices 
can be packaged in conlactles~ smart cards, and electronic keys, tokens and tags for 
a variety of applicat!.0ns, (neluding road tolls, parking, mass transit, ID tags, and 
vending machines. 


A unique silicon design capability allows customers to design monolithic RF ASICs 
with the option of eliminating all external components (baneries and capacitors) and 
all physical electrical contacts. 
Depending upon the application, the ASICs can 
interface with external coils, or use a relatively new "coil-on-chip" technology for 
power supply generation and for data reception and transmission. 
This level of 
integration and miniaturization provides the ideal monolithic, low-cost device that 
is required by the RF ID marketplace. 
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Attnel's nonvolatile, mixed-signal ASICs are comprised of 
three distinct components: 
1) nonvolatile memory, 
2) 
digital logic, and 
3) analog circuitry. 
The nonvolatile 
memory is available in E2pROM or Rash in the densities 
shown in Table 1. The memories feature an internal high- 
voltage 
pump 
for single 
voltage 
operation, 
and are 


guaranteed from 1,000 to 100,000 erase/write cycles and 
up to 100 years data retention, depending on which memory 
type is used. 
The E2pROM and Rash memories also 


support applications that have low-power and low-voltage 
requirements, with supply voltages ranging from 1.8 to 6 
volts, again depending on the memory type and the circuit 
design. 


Several analog cells have been designed and optimized to 
meet the needs ofRF ID applications. These cells and their 
specifications are listed in Table 2. Attnel currently designs 
and manufactures nonvolatile, mixed-signal ASICs that 
cover 
a variety 
of modulation 
techniques, 
operating 


frequencies, and operating ranges using these cells. 


Attnel supports two primary design flows outlined in 
Figure 1. and a third is in development. 
The first is 
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customer owned tooling (COT). 
Attnel supplies design 


rules, electrical rules, SPICETMmodels, and any analog or 
digital cells that are required. Afterthe design iscompleted, 
the customer provides a design database tape in GDSIJTM 
format, as well as a test program and test vectors, then 
Atmel drops in the appropriate nonvolatile memory. 


In a turnkey design, also shown in Figure I, the customer 
provides a firm product specification and schematics, and 
Attnel performs the design in conjunction with third party 
design houses located throughout the world. 
The third 


design flow entails the development of a mixed-signal, 
nonvolatile library that will be ported to several popular 
worlcstationsin the future. Attnel's digital library iscurrently 
available 
on Mentor 
Graphics™, 
Cadence™, 
and 


Viewlogic™ work.stations. The library supports boundary 
scan and includes over a hundred gates, muxes, latches, 
flip-flops, and buffers, as well as several logic macro cells. 


All nonvolatile mixed-signal 
ASICs are manufactured 


using Attnel's advanced two-level metal, 1.8-micron, low- 
power CMOS process. The devices are available in either 
wafer, die, or standard package options. 


Memory 
Minimum 
Maximum 
Supply 
Interface 


Type 
DensRy 
DensRy 
Voltage 


E2PROM 
104 bits 
64K bits 
1.8 -5 V 
Both 


Flash 
lKbits 
64K bits 
3 -5 V 
Parallel 


Table 2. 
DieTAMB = -25°C to +85°C 


Analog 
Cell Specifications 
Mln 
Typ 
Max 
UnUs 


Bandgap Reference 


Reference Voltage 
1.109 
1.193 
1.277 
V 


Temperature 
Stability 
10 
/lV/oC 


Voltage Rectifier 


Input Voltage 
±7 
±1.7 
V 


(sine wave, peak-to-peak) 


Output Voltage 
(DC) 
+7 
+12 
V 


Voltage Regulator 


Input Voltage 
+7 
,~ 
+12 
, 
V 


Output Voltage 1 
4.5 
5.0 
5.5 
V 


Output Voltage 2 
3.1 
3.6 
. 


4.2 
V 


Operational 
Amplifier 


Large Signal Supply Rejection 
36 
dB 


Supply Voltage @ 7 - 12 V 
rj 


Signal Amplitude @ 5 V 


Signal Frequency @ 1 MHz 


Voltage Controlled Oscillator 
(VCO) 


Oscillator 
Frequency 
(locked) 
4.0 
MHz 


Oscillator Gain 
1.47 
2.2 
3.5 
. 
MHzN 


Control Voltage 
2.0 
2.8 
4.0 
V 


Phased Locked Loop (PLL) 


Signal Input Frequency 
4.0 
MHz 


VCO Input Frequency 
4.0 
I 
MHz 


Packaging 


All Atrnel sman card secure ICs are available in wafer, die, 
or standard packaging. 
All die can be tested and screened 
to either a commercial or industrial flow, 
and can be 


background to thicknesses of 6 to 21 mils, ± 0.2 mils. 
Standard packages include plastic DIPs, SOICs, PLCCs 
and micromodules. 
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Deliver 
Design 
Rules, 
Electrical 
Rules, 
SPICE 
Models, 
Analog 
Cells, Digital Cells 


Schematic 
Capture 
or Design 
Synthesis 
and Simulation 


Physical 
Design 
Place & Route, 
Post Route 
Simulation, 
Layout Ver~ication, 
PG Tape Generation 


Deliver 
Design 
Database 
Tape 
(GDSII), 
Test Program 
and 
Test Vectors 


Deliver 
Design 
Verification 
Units 
(DVS) 


Schematic 
Capture 
or 
Design 
Synthesis 
and 
Simulation 


Preliminary 
Design 
Review 
Agreement 
on Nellist, 
Simulation 
Resu~s and Test 


Physical 
Design 
Place and Route, 
Post Route 
Simulation, 
Layout Ver~ication, 
PG Tap Generation 


Final Design 
Review 
Agreement 
on Post Route 
Simulation, 
Test Vectors 
and 
Specifications 


Deliver 
Design 
Ver~ication 
Units (DVS) 


Product Information 
• 
---- 


PEROMs (Flash) 


EPROMs 
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AT76C10 
AT76C10E 


AT76C120 
AD-120 
AT76C176 
AT76C176A 


4kHz 
4kHz 


66 MHz 
50-110 MHz 


Programmable, Phone Une Equalizer 
11-3 


Programmable, Phone Une Equalizer 
with On-Board E2pROM 
11-11 


Dual Channel 16/18-Bit ND Converters 
11-19 


Analog Interface System 
11-27 


Triple, 6-Bit Color Palette DAC 
11-31 
Triple, 6-Bit Color Palette DAC 
with Power-Down 
11-43 


Mixed Signal Application Notes 
Interfacing the AT76C1 OlE to a Microcontroller 
11-57 
ND Conversion Using the AT76C120 
11-61 
AT76C176A Color Palette DAC 
11-65 
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Features 


• 
High Accuracy 
Programmable 
Gain Amplifiers 
± 0.02 dB Accuracy 
(Typical) 
31.5 dB Range In 0.5 dB Steps 


• 
Software Programmable 
Group Delay Equalizer For Leased 
and Dial-Up Lines 


• 
High Dynamic Range - over 90 dB 


• 
On-Chip Anti-Aliasing 
Filters 


• 
Microcomputer 
Interface with Serial Data Port 


• 
Three Convenient 
Clock Options 


11.0592 MHz 


3.6864 MHz 
2.4576 MHz (or 2.56 MHz) 


• 
Operates from ± 5 V Supplies 


• 
Low Power Standby Mode - 100 l!A (Typical) 


• 
TTL and CMOS Compatible 
Digital 
Interface 


• 
Economical 
16-Lead Package 


• 
Full Military, Commercial 
and Industrial Temperature 
Ranges 


Description 


The AT76C I0 integrates two Programmable 
Gain Amplifiers and a Programmable 
Telephone 


Line Group Delay Equalizer on a monolithic substrate. It is fabricated in a state-of-the-art, 
low 


power CMOS process. The Gain and Group Delay steps are controlled by a seven-bit config- 
uration code which can be programmed 
in real time. The AT76ClO 
is implemented 
in an 


advanced switehed-capacitor 
technology and is designed to provide precise Gain and Group 


Delay compensation 
for low bit-error-rate 
data transmission 
over dial-up and leased lines. 


Anti-alias and clock filters are included on-chip as the AT76CIO employs sampled-data 
tech- 


niques, and external filters are not required for most applications. 


VSS 
XTALO 


XTALI 
CKOUT 
VDD 


AOUT 
CK SEL 


AIN 


No. 
Pin Name 
Function 


1 
VSS 
Negative Power Supply. 
Nominal -5 Volts. 


2 
XTALO 
Crystal Oscillator Output. 


3 
XTALI 
Crystal Oscillator Input. 


4 
CKOUT 
Sampling Clock Output. 
(Open Drain) 


5 
VDD 
Connect to VDD. 


6 
AOUT 
PG-B Analog Signal Output. 


7 
CKSEL 
Clock Select. Selects one of the 3 
recommended Clock frequencies. 


8 
AIN 
PG-B Analog Signal Input. 


9 
VDD 
Positive Power Supply. 
Nominal +5 Volts. 


10 
EOUT 
Delay Equalizer Analog 
Signal Output. 


11 
AGND 
Analog Ground. 


12 
EIN 
Delay Equalizer Analog Signal Input. 


13 
DGND 
Digital Ground. 


14 
CS 
Chip Select Control Input. 


15 
WE 
Write Enable Control Input. 


16 
DIN 
Serial Data Input. 


DIN 
WE 
CS 
DGND 
EIN 
AGND 
EOUT 
VDD 


CMOS 
Programmable 
Amplifier 


Delay 
Equalizer 


• 
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Device Operation 


The AT76C1O is designed for use in the signal paths of a modem 
or voice/data phone to minimize the bit-error-rate 
over dial-up 


and leased 
lines. 
Gain 
and 
Group 
Delay 
response 
of the 


AT76ClO 
are controlled 
by a serial seven-bit 
configuration 


code. 
D I and DOof the configuration 
code are the address bits 


which select one of the three control registers. Bits D2 to D5 set 
the gain and delay equalizer steps. 
D6 is an option bit which 


controls 
the power down mode. All the functions 
associated 


with the configuration 
code are summarized 
in Tables I to 4. 


This chip can be used as part of an adaptive equalizer for me- 
dium to high speed modems (1200 bps to greater than 19.2K 
bps). The configuration 
code is loaded into the chip at a serial 


data input port and updated in real time. The amplitude response 
of the equalizer is nominally at 0 dB with negligible ripple. The 
AT76CIO can also be used as a fixed compromise 
delay equal- 


izer. 


PROGRAMMABLE 
GAIN AMPLIFIER: 
The AT76CIO pro- 


vides two high dynamic range amplifiers for maximizing signal- 
to-noise ratio. Amplifier 
PG-A offers 16 programmable 
gain 


steps from 0 dB to 7.5 dB in 0.5 dB steps. Amplifier PG-B pro- 
vides -8 to 16 dB of gain in 8 dB steps. The two amplifiers can 
be cascaded to provide 31.5 dB range of programmable 
gain in 


0.5 dB steps. The Programmable 
Amplifiers can be used as an 


Automatic Gain Control Circuit or as a fixed gain adjustment. 


PROGRAMMABLE 
GROUP 
DELAY 
EQUALIZER: 
The 


Group Delay Equalizer 
is designed to provide programmable 


compromise group delay compensation 
to achieve low bit-error- 


rate data transmission. Four group delay responses are provided 
to accommodate the majority of conditioned as well as uncondi- 
tioned lines. The first three responses are recommended 
for line 


types C2 and CI, 
while the fourth response 
can be used for 


3002-type 
lines. Two or more AT76ClOs 
can be cascaded 
to 


obtain additional group delay compensation. 


CONlROL 
REGISTERS: 
Four control registers are used to 


store the configuration 
codes for the gain steps of PG-A and 


PG-B, the delay steps of the Delay Equalizer, and the control bit 
for the power-down 
mode. 


MICROCOMPUTER 
INTERFACE: 
Control 
inputs CS and 


WE and serial data input DIN allow the AT76CIO to be easily 
interfaced with most popular microcontrollers. 
All digital lIOs 


are TTL as well as CMOS compatible. 


WRITE OPERATION: 
To program a confignration 
code into a 


particular control register, the voltage at CS has to be brought 
low while the data bits appearing at DIN are strobed in at the 
rising edge of WE. At the rising edge of CS, the last seven input 
data bits are latched into the control registers. 


POWER-DOWN 
MODE: 
To minimize power consumption 


for battery powered applications and in certain linecard applica- 
tions, the AT76CIO provides a low power standby mode ofop- 
eration. In the power-down 
mode, the analog outputs go into a 


high impedance 
state. The power-down 
mode is initiated by 


writing a "0" into the power-down 
register. Once in the power- 


down mode, the AT76ClO can be reactivated 
by writing a "I" 


into the power-down 
register. It should be noted that upon pow- 


ering up the AT76C10 for the first time, it automatically 
goes 


into the normal active mode of operation. 


CR YST AL OSCll..LA TOR: 
Internal timing of the chip is gen- 


erated either by connecting 
a crystal across pins XT ALl and 


XTALO of the on-chip oscillator, 
or by applying an external 
clock at pin XT ALL In the latter case, pin XT ALO should be 
left unconnected. 
To accommodate 
different applications, 
three 


clock options: 2.4576 MHz, 3.6864 MHz and 11.0592 MHz, 
can be selected via control pin CK SEL. For applications 
in a 
linecard environment, 
a 2.56 MHz clock can be used instead of 
the 2.4576 MHz clock. The 153.6 kHz (160 kHz with 2.56 MHz 
clock) sampling clock is available 
as an open drain output at 


CK OUT for synchronization 
or driving other circuits, e.g. the 
transmit or receive filters, or NO and D/A converters. 


Recommended 


CKSEL 
XTAL Frequency 
CKOUT 


VDD 
11.0592 MHz 
153.6 kHz 


DGND 
3.6864 MHz 
153.6 kHz 


VSS 
2.4576 MHz 
153.6 kHz 


VSS 
2.56 MHz 
160.0 kHz 


Group Delay Characteristics 
(Microseconds) 


Fs = 153.6 kHz 


Frequency 
Step 
Step 
Step 
Step 


(HZ) 
#1 
#2 
#3 
#4 


300 
158 
278 
416 
284 


600 
188 
336 
502 
386 


900 
237 
463 
681 
680 


1200 
325 
671 
985 
1360 


1500 
431 
890 
1330 
1791 


1700 
462 
938 
1382 
1838 


1900 
435 
897 
1305 
1810 


2100 
372 
777 
1144 
1510 


2400 
266 
542 
808 
683 


2700 
181 
361 
534 
342 


3000 
136 
250 
368 
213 


3300 
102 
182 
267 
148 


Address 
Option 
Bit 


01 
DO 
D6 
Function 


0 
0 
1 
0 
1 
1 
Updates Control Registers 


1 
0 
1 


1 
1 
0 
Power Down Mode 


1 
1 
1 
Active Mode 


Address 
Control 
Code 
Equalizer 
Recommened 


Step 
Line 


01 
DO 
05 
04 
03 
02 
No. 
Condition 


0 
0 
X 
X 
0 
0 
1 
C2 


0 
0 
X 
X 
0 
1 
2 
C1 


0 
0 
X 
X 
1 
0 
3 
C1 


0 
0 
X 
X 
1 
1 
4 
3002 


Address 
Control 
Code 
PG·A 
PG·AGaln 


01 
DO 
05 
04 
03 
02 
Step No. 
(dB) 


0 
1 
0 
0 
0 
0 
1 
0.0 


0 
1 
0 
0 
0 
1 
2 
0.5 


0 
1 
0 
0 
1 
0 
3 
1.0 


0 
1 
0 
0 
1 
1 
4 
1.5 


0 
1 
0 
1 
0 
0 
5 
2.0 


0 
1 
0 
1 
0 
1 
6 
2.5 


0 
1 
0 
1 
1 
0 
7 
3.0 


0 
1 
0 
1 
1 
1 
8 
3.5 


0 
1 
1 
0 
0 
0 
9 
4.0 


0 
1 
1 
0 
0 
1 
10 
4.5 


0 
1 
1 
0 
1 
0 
11 
5.0 


0 
1 
1 
0 
1 
1 
12 
5.5 


0 
1 
1 
1 
0 
0 
13 
6.0 


0 
1 
1 
1 
0 
1 
14 
6.5 


0 
1 
1 
1 
1 
0 
15 
7.0 


0 
1 
1 
1 
1 
1 
16 
7.5 


Address 
Control 
Code 
PG·B 
PG-BGaln 
01 
00 
05 
04 
03 
02 
Step No. 
(dB) 


1 
0 
X 
X 
0 
0 
1 
0.0 


1 
0 
X 
X 
0 
1 
2 
8.0 


1 
0 
X 
X 
1 
0 
3 
16.0 


1 
0 
X 
X 
1 
1 
4 
-8.0 
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VDD 


(OPTIONAL COUPLING 


CAPACITOR) 


PROG. 


GROUP DELAY 
EOUT 
EQUALIZER 
10 


TO DEMODULATOR 
OR LINE INTERFACE 


FROM LINE INTERFACE 
AIN 
OR MODULATOR 
8 


VDDIDGND/or 
VSS 
CK SEL 
7 
I,coom "'DRESS 
CS 
14 
WE 
FROM, 
C 
15 
5V 
5 


SERIAL DATA BUS 
DIN 
16 


TO DRIVE OTHER 
CIRCUITS (OPTIONAL) 


Temperature 
Under Bias 
-550 C to 1250 C 


Storage Temperature 
-650 C to 150 


0 C 


Voltage on Pins AGND and 
DGND with Respect to VSS 
-0.6 V to 6.25 V 


All Voltages with Respect 
to VSS 
-0.6 V to VDD + 0.6 V 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 


mwn Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Operating 
Temperature 
(case) 
VDD I VSS Power 
Supplies 


Commercial 
00 C - 
700 C 
5V 
I -5V 
±10% 


Industrial 
-400 C - 850 C 
5 V I -5 V 
±10% 


Military 
-550 C - 1250 C 
5 V I -5 V 
±5% 


Symbol 
Parameter 
Conditions 
Mln 
Typ 
Max 
Units 


1000 
VDD Quiescent 
Current 
3 
6 
mA 
(active mode) 


1550 
VSS Quiescent Current 
3 
6 
mA 
(active mode) 


loop 
VDD Quiescent 
Current 
100 
500 
J.!A 


(power-down 
mode) 


Issp 
VSS Quiescent Current 
100 
500 
J.!A 
(power-down 
mode) 


RIA 
Input Resistance 
at AIN 
100 
kohm 


RIE 
Input Resistance 
at EOUT 
Fs=153.6 kHz 
1 
Mohm 


CI 
Input Capacitance 
20 
pF 


ROA 
Ouput Resistance 
at AOUT 
1 
kohm 


ROE 
Ouput Resistance 
at EOUT 
. 
200 
ohm 


Fo 
Center Frequency 
1700 
Hz 


DT 
Group Delay Tolerance 
-1.5 
. 
+1.5 
0/0 


GT 
Gain Tolerance 
-0.05 
0.05 
dB 


Go 
Insertion Loss 
-0.15 
0.15 
dB 


Vo 
Output Voltage 
RL= 20kohm 
VSS 
VDD 
V 


VN 
Output Noise 
BW= 
Fs/2 
200 
,.Nrrns 


THD 
Total Harmonic Distortion 
RL= 20kohm 
0.1 
0.5 
% 
Vo= 
8 Vpp 


Fs 
Sampling Frequency 
153.6 
kHz 


VFT 
Clock Feedthrough 
5 
mVpp 


-~'TCARE 


LASTBIT ENTERED 
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Symbol 
Parameter 
Mln 
Max 
Units 


twL 
Write 
Enable 
Low 
50 
ns 


twH 
Write 
Enable 
High 
50 
ns 


tCH 
CS Hold Time 
100 
ns 


tos 
Data 
Setup 
Time 
40 
ns 


tOH 
Data Hold Time 
40 
ns 


GO (mS) 
(Fs=153.6 KHz) 


2.0 
..........•................. 


STEP #4 
1.8 


1.6 


1.4 
. 


1.2 


1.0 
. 


0.8 


0.6 


0.4 


0.2 


0.0 
0.0 
1~ 
1.5 
~O 
~5 


FREQUENCY(KHz) 


Input Test Waveform 


2.4V 


OR~V~NG< 
LEVELS 
O.45V 


2.0 
AC 


MEASUREMENT 


0.8 
LEVEL 


GO (mS) 
2.0 


1.8 


1.6 


1.4 
..............•.. 
,. 


1.2 


1.0 


0.8 


0.6 


0.4 


0.2 


0.0 
0.0 
1.0 
1.5 
2.0 


FREQUENCY(KHz) 


Delay 
Gain 
Power 
Bandwidth 
Operation Range 
(ms) 
(dB) 
Supply 
(KHz) 
Ordering Code 
Package 


1.8 
31.5 
±10% 
4 
AT76C10-PC 
16P3 
Commercial 


AT76C10-SC 
16S 
(O°C to 70°C) 


AT76C10-PI 
16P3 
Industrial 


AT76C10-SI 
16S 
(-40°C to 85°C) 


1.8 
31.5 
±5% 
4 
AT76C10-DM 
1603 
Military 
(-55°C to 125°C) 


Package Type 


1603 
16 Lead, 0.300" Wide Non-Windowed, Ceramic Duallnline 
Package (Cerdip) 


16P3 
16 Lead, 0.300" Wide, Plastic Duallnline 
Package (PDIP) 


165 
16 Lead, 0.300" Wide, Plastic Gull Wing Small Outline (SOle) 
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Features 


• 
High Accuracy 
Programmable 
Gain Amplifiers 
± 0.02 dB Accuracy 
(Typical) 
31.5 dB Range In 0.5 dB Steps 


• 
Software Programmable 
Group Delay Equalizer For Leased 


and Dial-Up LInes 


• 
High Dynamic Range - over 90 dB 


• 
On-Chip Anti-Aliasing 
Filters 


• 
On-Chip E2PROM Configuration 
Code Memory 


• 
Microcomputer 
Interface with Serial Data Port 


• 
Three Convenient 
Clock Options 


11.0592 MHz 
3.6864 MHz 
2.4576 MHz (or 2.56 MHz) 


• 
Operates from ± 5 V Supplies 


• 
Low Power Standby Mode - 100 l!A (Typical) 


• 
TTL and CMOS Compatible 
Digital 
Interface 


• 
Economical 
16-Lead 
Package 


• 
Full Military, Commercial 
and Industrial Temperature 
Ranges 


Description 


The AD6CIOE 
integrates 
two Programmable 
Gain Amplifiers 
and a Programmable 
Tele- 


phone Line Group Delay Equalizer on a monolithic substrate. It is fabricated in a state-of-the- 
art, low power CMOS process. The Gain and Group Delay steps are controlled by a seven-bit 
configuration 
code which can be programmed 
in real time and can also be stored permanently 


in on-chip E"ROMS. 
The AD6CIOE 
is implemented 
in an advanced 
switched-capacitor 


technology and is designed to provide precise Gain and Group Delay compensation 
for low 


bit-error-rate 
data transmission 
over dial-up and leased lines. Anti-alias and clock filters are 


included on-chip as the AD6C IOE employs sampled-data 
techniques, and external filters are 


not required for most applications. 


No. 
Pin Name 
Function 


1 
VSS 
Negative Power Supply. 
Nominal -5 Volts. 


2 
XTALO 
Crystal Oscillator Output. 


3 
XTALI 
Crystal Oscillator Input. 


4 
CKOUT 
Sampling Clock Output. 
(Open Drain) 


5 
RE 
Recall Enable Input. 
Loads 
Configuration 
into 
Control 
Registers from On-Chip EZPROM. 


6 
AOUT 
PG-B Analog Signal Output. 


7 
CKSEL 
Clock Select. Selects one of the 3 
recommended Clock frequencies. 


8 
AIN 
PG-B Analog Signal Input. 


9 
VDD 
Positive Power Supply. 
Nominal +5 Volts. 


10 
EOUT 
Delay Equalizer Analog 
Signal Output. 


11 
AGND 
Analog Ground. 


12 
EIN 
Delay Equalizer Analog Signal Input. 


13 
DGND 
Digital Ground. 


14 
CS 
Chip Select Control Input. 


15 
WE 
Write Enable Control Input. 


16 
DIN 
Serial Data Input. 


VSS 
XTALO 
XTALI 
CKOUT 
VDD 
AOUT 


CKSEL 
AIN 


DIN 
WE 
CS 
DGND 
EIN 
AGND 
EOUT 
VDD 
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E2PROM 


Programmable 
Amplifier 


Delay 
Equalizer 
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Device Operation 


The AT76CIOE 
is designed 
for use in the signal paths of a 
modem or voice/data phone to minimize the bit-error-rate 
over 
dial-up and leased lines. Gain and Group Delay response of the 
AT76CIOE 
are controlled 
by a serial seven-bit configuration 


code. 
D I and DOof the configuration 
code are the address bits 


which select one of the three control registers. Bits D2 to D5 set 
the gain and delay equalizer steps. 
D6 is an option bit which 


determines 
whether the configuration 
code will update one of 


the control registers only, or also be stored in on-chip non-vola- 
tile memory (EZpROM) of the AT76CIOE. All the functions as- 
sociated with the configuration 
code are summarized 
in Tables 


I to 4. 


D6 
05 
I 
04 
I 
03 
I 
02 
01 
I 
DO 


Option 
Control 
Code 
Address 
Select 


This chip can be used as part of an adaptive equalizer for me- 
dium to high speed modems (1200 bps to greater than 19.2K 
bps). The configuration 
code is loaded into the chip at a serial 


data input port and updated in real time. It can also be stored 
permanently 
in on-chip EZpROMS and updated periodically. 
The high performance 
Atrnel E2PROM process together with 


redundancy circuits allows over 1OE6 Write cycles. The ampli- 
tude response of the equalizer is nominally at 0 dB with negligi- 
ble ripple. The AT76ClOE can also be used as a fIXed compro- 
mise delay equalizer. 


PROGRAMMABLE 
GAIN 
AMPLIFIER: 
The AT76ClOE 


provides 
two high dynamic 
range amplifiers 
for maximizing 


signal-to-noise 
ratio. Amplifier PG-A offers 16 programmable 


gain steps from 0 dB to 7.5 dB in 0.5 dB steps. Amplifier PG-B 
provides -8 to 16 dB of gain in 8 dB steps. The two amplifiers 
can be cascaded to provide 31.5 dB range of programmable 
gain 


in 0.5 dB steps. The Programmable 
Amplifiers can be used as an 


Automatic Gain Control Circuit or as a fIXed gain adjustment. 


PROGRAMMABLE 
GROUP 
DELAY 
EQUALIZER: 
The 


Group Delay Equalizer 
is designed to provide programmable 


compromise group delay compensation 
to achieve low bit-error- 


rate data transmission. Four group delay responses are provided 
to accommodate 
the majority of conditioned as well as uncondi- 


tioned lines. The first three responses are recommended 
for line 


types C2 and CI, while the fourth response 
can be used for 


3002-type lines. Two or more AT76CIOEs 
can be cascaded to 


obtain additional group delay compensation. 


CONTROL 
REGISTERS: 
Four control registers are used to 


store the configuration 
codes for the gain steps of PG-A and 


PG-B, the delay steps of the Delay Equalizer, and the control bit 
for the power-down mode. All the control bits, except the power 
down-bit, 
can also be programmed 
into on-chip 
non-volatile 


memories of the AT76ClOE. 


MICROCOMPUTER 
INlERFACE: 
Control inputs CS, WE, 


RE and serial data input DIN allow the AT76CIOE to be easily 
interfaced with most popular microcontrollers. 
All digital IIOs 


are TTL as well as CMOS compatible. 
For stand alone opera- 


tion, CS should be tied to VDD while WE, RE and DIN should 
be tied to ground. 


WRITE OPERATION: 
To program a configuration 
code into a 


particular control register, the voltage at CS has to be brought 
low while the data bits appearing at DIN are strobe<! in at the 
rising edge of WE. At the rising edge ofCS, the last 7 input data 
bits are latched into the control registers. Therefore, 
if the frrst 


bit of an update byte is a "start bit," it will be ignored. If a "0" 
was inserted at D6 of the input code, the configuration 
code will 


also be immediately 
wriuen 
into on-chip 
E2PROM 
of the 


AT76C 10E. As all timing signals and programming 
voltages are 


generated internally, writing the E2PROM is transparent to the 
user. However, while the E2PROM is being programmed, 
which 


takes 1.5 mS, any further auempt to initiate programming 
will 


be ignored until the first operation is completed. 


RECALL OPERATION: 
A RECALL 
operation can be initi- 


ated any time during operation by bringing both CS and RE low 
simultaneously. 
The configuration 
codes which have been pre- 


programmed 
in the E2PROM of the AT76CIOE are loaded into 


the control registers. 


POWER-DOWN 
MODE: 
To minimize 
power consumption 


for battery powered applications and in certain linecard applica- 
tions, the AT76CIOE 
provides a low power standby mode of 


operation. In the power-down 
mode, the analog outputs go into 


a high impedance 
state. The power-down 
mode is initiated by 


writing a "0" into the power-down 
register. Once in the power- 


down mode, the AT76CIOE can be reactivated by writing a "I" 
into the power-down 
register or performing 
a RECALL opera- 


tion. It should be noted that upon powering 
up the AT76CIOE 


for the first time, it automatically 
goes into the normal active 


mode of operation. 


CRYSTAL OSCILLATOR: Internal timingof the chip is gen- 
erated either by connecting a crystal across pins XTALl and 
XTALO of the on-chip oscillator, or by applying an external 
clock at pin XTALL In the latter case, pin XTALa should be 
left unconnected.To accommodatedifferentapplications,three 
clock options: 2.4576 MHz, 3.6864 MHz and 11.0592 MHz, 


Recommended 
CKSEL 
XTAL Frequency 
CKOUT 


VDO 
11.0592 MHz 
153.6 kHz 


OGND 
3.6864 MHz 
153.6 kHz 


VSS 
2.4576 MHz 
153.6 kHz 


VSS 
2.56 MHz 
160.0 kHz 


Group Delay Characteristics 
(Microseconds) 
Fs = 153.6 kHz 


Frequency 
Step 
Step 
Step 
Step 
(Hz) 
#1 
#2 
#3 
#4 


300 
158 
278 
416 
284 


600 
188 
336 
502 
386 


900 
237 
463 
681 
680 


1200 
325 
671 
985 
1360 


1500 
431 
890 
1330 
1791 


1700 
462 
938 
1382 
1838 


1900 
435 
897 
1305 
1810 


2100 
372 
777 
1144 
1510 


2400 
266 
542 
808 
683 


2700 
181 
361 
534 
342 


3000 
136 
250 
368 
213 


3300 
102 
182 
267 
148 


Address 
Option Bit 
01 
DO 
06 
Function 


0 
0 
0 
Writes Control Code into 
0 
1 
0 
E2PROM and updates 
1 
0 
0 
Control Registers 
0 
0 
1 
0 
1 
1 
Updates Control 
Registers Only 


1 
0 
1 
1 
1 
0 
Power Down Mode 
1 
1 
1 
Active Mode 


can be selected via control pin CK SEL. For applications in a 
linecardenvironment,a 2.56 MHz clock can be used insteadof 
the2.4576MHzclock.The 153.6kHz (160kHz with2.56MHz 
clock) sampling clock is available as an open drain output at 
CK OUT for synchronizationor driving other circuits, e.g. the 
transmitor receivefilters,or AIDand D/A converters. 


Address 
Control Code 
Equalizer 
Re<Xlmmened 


Step 
Line 
01 
DO 
05 
04 
03 
02 
No. 
Condition 


0 
0 
X 
X 
0 
0 
1 
C2 


0 
0 
X 
X 
0 
1 
2 
C1 


0 
0 
X 
X 
1 
0 
3 
C1 


0 
0 
X 
X 
1 
1 
4 
3002 


Address 
Control Code 
PG·A 
PG·AGaln 


01 
DO 
05 
04 
03 
02 
Step No. 
(dB) 


0 
1 
0 
0 
0 
0 
1 
0.0 


0 
1 
0 
0 
0 
1 
2 
0.5 


0 
1 
0 
0 
1 
0 
3 
1.0 


0 
1 
0 
0 
1 
1 
4 
1.5 


0 
1 
0 
1 
0 
0 
5 
2.0 


0 
1 
0 
1 
0 
1 
6 
2.5 


0 
1 
0 
1 
1 
0 
7 
3.0 


0 
1 
0 
1 
1 
1 
8 
3.5 


0 
1 
1 
0 
0 
0 
9 
4.0 


0 
1 
1 
0 
0 
1 
10 
4.5 


0 
1 
1 
0 
1 
0 
11 
5.0 


0 
1 
1 
0 
1 
1 
12 
5.5 


0 
1 
1 
1 
0 
0 
13 
6.0 


0 
1 
1 
1 
0 
1 
14 
6.5 


0 
1 
1 
1 
1 
0 
15 
7.0 


0 
1 
1 
1 
1 
1 
16 
7.5 


Address 
Control Code 
PG·B 
PG·BGaln 
01 
DO 
05 
04 
03 
02 
Step No. 
(dB) 


1 
0 
X 
X 
0 
0 
1 
0.0 


1 
0 
X 
X 
0 
1 
2 
8.0 


1 
0 
X 
X 
1 
0 
3 
16.0 


1 
0 
X 
X 
1 
1 
4 
-8.0 
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EOUT 
TO DElAODULATOR 


10 
OR UNE INTERFACE 


FROM UNE INTERFACE 


OR MODULATOR 


VDDIDGND/o( VSS 
I 


DECODED 
ADDRESS 


FROM ,C 


SERIAL DATA BUS 


TO DRIVE OTHER 


CIRCUITS (OPTIONAL) 


TO DRIVEOTHER 


CIRCUITS(OPTIONAL) 


Absolute Maximum Ratings* 


Temperature 
Under Bias 
-550 C to 1250 C 


Storage Temperature 
_650 C to 1500 C 


Voltage on Pins AGND and 
DGND with Respect to VSS 
-0.6 V to 6.25 V 


All Voltages with Respect 
to VSS 
-0.6 V to VDD + 0.6 V 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 


mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Operating 
Temperature 
(case) 
VDD I VSS Power 
Supplies 


Commercial 
00 C - 
700 C 
5 V I -5V 
±10% 


-400 C - 850 C 
- 


5 V I -5 V 
±10% 
Industrial 


Military 
-550 C - 1250 C 
5 V I -5 V 
±5% 


Symbol 
Parameter 
Conditions 
Mln 
Typ 
\ 
Max 
Unhs 


1000 
VDD Quiescent Current 
3 
6 
mA 
(active mode) 
~ 
- 


Isse 
VSS Quiescent Current 
3 
6 
mA 
(active mode) 


loop 
VDD Quiescent 
Current 
100 
500 
J.1A 
(power-down 
mode) 


Issp 
VSS Quiescent 
Current 
100 
500 
J.1A 
(power-down 
mode) 


RIA 
Input Resistance 
at AIN 
100 
kohm 


RIE 
Input Resistance 
at EOUT 
Fs=153.6 KHz 
1 
Mohm 


C, 
Input Capacitance 
20 
pF 


ROA 
Ouput Resistance 
at AOUT 
1 
kohm 


ROE 
Ouput Resistance 
at EOUT 
200 
ohm 


Fa 
Center Frequency 
1700 
Hz 


DT 
Group Delay Tolerance 
-1.5 
+1.5 
% 


GT 
Gain Tolerance 
-0.05 
0.05 
dB 


Go 
Insertio n Loss 
-0.15 
0.15 
dB 


Va 
Output Voltage 
RL= 20 kohm 
VSS 
VDD 
V 


VN 
Output Noise 
BW= 
Fs/2 
200 
IlVrms 


THO 
Total Harmonic Distortion 
RL= 20kohm 
0.1 
0.5 
% 
Va=8 
Vpp 


Fs 
Sampling 
Frequency 
153.6 
kHz 


VFT 
Clock Feedthrough 
5 
mVpp 
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D6 
~'TCARE 


LAST BIT hTERED 


Symbol 
Parameter 
Mln 
Max 
Units 


tWL 
Write Enable Low 
50 
ns 


tWH 
Write Enable High 
50 
ns 


tCH 
CS Hold Time 
100 
ns 


tos 
Data Setup Time 
40 
, 
ns 


tOH 
Data Hold Time 
40 
ns 


Input Test Waveform 


2.4V 


OR~~NG< 
LEVELS 


O.45V 


lR. tF < 20 ns (10% to 90%) 


2.0 
AC 


MEASUREMENT 
0.8 
LEVEL 


GO (mS) 
2.0 
STEP 14 
1.8 
_ 
_ 
. 


1.6 


1.4 


1.2 
". 


1.0 


0.8 


0.6 


0.4 


0.2 


0.0 
0.0 


GO (mS) 
2.0 


1.8 


1.6 


-- 
-- 
, 
. 
. 
. 


_._ 
!>T~?~ 4 
: 
:.....•.. 
; .....•.. 
: 
.. 
. 
. 
. 


0.8 


0.6 


0.4 


0.2 


0.0 
0.0 
0.5 


Delay 
Gain 
Power 
Bandwidth 
Operation Range 
(ms) 
(dB) 
Supply 
(KHz) 
Ordering Code 
Package 


1.8 
31.5 
±10% 
4 
AT76C10E-PC 
16P3 
Commercial 


AT76C10E-SC 
16S 
(O°C to 70°C) 


AT76C10E-PI 
16P3 
Industrial 


AT76C10E-SI 
16S 
(-40°C to 85°C) 


1.8 
31.5 
±5% 
4 
AT76C10E-DM 
16D3 
Military 


(-55°C to 125°C) 


Package 
Type 


1603 
16 Lead, 0.300" Wide Non-Windowed, Ceramic Duallnline 
Package (Cerdip) 


16P3 
16 Lead, 0.300" Wide, Plastic Duallnline 
Package (PDIP) 


165 
16 Lead, 0.300" Wide, Plastic Gull Wing Small Outline (SOIC) 
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Features 


• 
Monolithic 
Dual-Channel 
16/18-Blt 
AID Converters 
On-Chip sample/Hold 
Automatic 
Linearity Error Correction 
• 
High Conversion 
Rates to 96K Samples Per Second 
at 18 Bits for Each Channel 
• 
capable 
of Single or Continuous 
Conversions 
• 
Operates from a Single 5 V ± 10% Supply 
• 
High Signal-to-Noise 
Ratio: 90 dB 
• 
Single Multiplexed 
Serial Data Output 
• 
High Reliability CMOS Technology 
• 
Full Military, Commercial 
and Industrial Temperature 
Ranges 


Description 


The A176C120 
provides two complete Analog-to-Digital 
(NO) Converters 
integrated on a 
monolithic 
substrate. It is designed for Digital Audio and Signal Processing 
applications 
as 
wen as Industrial Control and Datacommunication. 
The Sample/Hold function is incorporated 
in both NO channels. Each channel can independently 
perform 96K 18-Bit conversions per 
second. The A176C120 
needs a minimum of external components and provides a simple and 
cost effective solution for applications requiring high resolution NO conversion. 


The AT76C120 
is fabricated 
in a state-of-the-art, 
low power CMOS process and operates 
from a single 5 V supply. A modified successive approximation 
algorithm is used to optimize 
conversion speed. The A176C120 
can perform a single conversion at random or continuous 
conversions. 
Linearity errors caused by tap weight variations are automatically 
compensated 
by adding a correction factor to each NO conversion result. The optimum correction factors 
are factory programmed 
into each individual chip. The digital output code is presented seri- 
ally, in 2's complement 
format. 


ADIN1 
VH 
AVec 
VRI 
TEST 3 
AVec 
SEL 1 
SEL2 
CONV 
SCll< 
DOur 
DVec 


Pin Name 
Function 


AGND, 
GND 
Analog 
Ground, 
Ground 


ADIN1 
Analog 
Input for Channel-1 


ADIN2 
Analog 
Input for Channel-2 


AVCC 
+5 V Analog 
Supply 
Input 


DOUT 
Dig ital Data Output 


DVCC 
+5 V Digital 
Supply 
Input 


CON V 
Convert 
Clock 
Input 


SCLK 
System 
Clock 
Input 


SEL1 
DOUT 
Mode 
Select 
Input 


SEL2 
16118-6it 
Mode 
Select 
Input 


TEST 
1,2,3,4,5,6 
Test 
Inputs 


TOUT 
Test 
I/O 


VH,VL 
Reference 
Voltage 
Inputs 


VR1,VR2 
Channel-1,-2 
Reference 
Voltage 
Outputs 


AGND 
ADIN2 
VL 
VR2 
TESTS 
AGND 
TEST 6 
TEST. 
TEST 2 
TEST 1 
TOUT 
GND 
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CMOS 
Dual-Channel 
16/18-Bit AID 
Converters 
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SEL1 
SEL2 
CONY 
SCLK 


TEST 


AND 


TIMING 


Device Operation 


Each analog input to the AT76C120 is sampled and held simul- 
taneously 
once every CONY clock period. As shown in the 


block diagram, 
the AT76C120 
uses a combination 
of binary 
ratioed double-polysilicon 
Capacitor Arrays and Resistor String 
networks to generate the analog decision levels (or tap weights). 
The Capacitor 
Arrays also provide 
the intemal 
Sample-and- 
Hold function. A high-gain auto-zeroed 
Comparator 
is used to 
compare an analog input with the decision levels. The Vr Gen- 
erator supplies internal reference voltages equal to (VH + VL)f2 
used by the comparators. 


AID conversion is accomplished 
through IS-bit Successive Ap- 
proximation 
Registers 
(SARs). 
An improved 
successive 
ap- 


proximation 
scheme is used to optimize conversion speed. The 
AID output codes are stored in Parallel-to-Serial 
Shift Registers 


and are available at a single multiplexed 
serial data output port. 


System Clock input, SCLK, provides the internal timing refer- 
ence and the Convert Clock, input CONY, initiates an AID con- 
version. The Test and Timing circuits shown in the block dia- 
gram generate all the timing control signals from SCLK and 
CONY for sample-and-hold, 
AID conversion 
and tap weight 


error correction during norrnal operation as well as tap weight 
error calibration at the factory. 


A minimum of 64 SCLK clock cycles are required for one AID 
conversion. 
The maximum 
SCLK clock 
frequency 
is 6.144 
MHz. The minimum 
IS-bit conversion time for each channel is 
lOA ~, 
which corresponds to a maximum conversion rate of 96 
kHz, making 2X sampling in Digital Audio applications possi- 
ble. 


To minimize overall system cost while achieving high resolu- 
tion, the AT76C120 compensates 
for linearity errors caused by 
tap weight variations by adding a correction factor to each AID 
conversion result This operation is done automatically 
without 


the intervention of the host processsor. The optimum correction 
factors are factory programmed 
into on-chip nonvolatile 
stor- 
age. 


The AT76C120 requires only a single 5-volt supply for opera- 
tion. 


TEST 
1 
TEST 
2 
TEST 3 
TEST 
4 
TEST 
5 
TEST 
6 
TOUT 


System Implementation Considerations 


POWER SUPPLY DECOUPLING 
AND GROUNDING: 
To 
obtain the highest perforrnance 
possible with the AT76C120, 


critical signal paths, power supply lines and ground planes on 
the circuit board should be laid out carefully to minimize noise 
coupling or aliasing into sensitive analog paths. As illustrated in 
the diagram showing a Sample Connection for Typical Applica- 
tion, a separate AVCC line decoupled to AGND with a tantalum 
capacitor 
in parallel 
with a smaller 
ceramic 
chip capacitor 


should be used for the analog circuits on the AT76C120. Simi- 
larly, a separate analog ground return, AGND, which is con- 
nected to the most quiet point in the system ground 
plane, 


should be used. 


For best results, four layer PC boards with separate ground and 
power 
supply 
planes 
are recommended. 
The 
AGND 
plane 


should be laid out as an island or tub underneath pins I to 6 and 
pins 19 to 24. 


High frequency noise on the power and ground lines can be al- 
iased 
into 
the 
passband 
by 
the 
sampling 
action 
of 
the 


AT76C120. 
If a switching power supply has to be used, both 


AVCC and AGND need to be isolated from the system supplies 
with inductors of appropriate values. 


ANALOG INIERFACE: 
Due to the high sampling rate of the 


AT76C120, 
little if any anti-alias mtering is required for most 


industrial applications. 
For high perforrnance Digital Audio ap- 


plications, 
external 
Anti-Alias 
Lowpass 
or Bandpass 
Filters, 


shown as AAFs' in the Sample Connection 
diagram, should be 


used to eliminate 
signals outside 
the desired 
passband. 
Low 


noise op amps with low output impedances should also be used 
to supply the analog inputs. 


The AID full-scale range is deterrnined by the voltage applied 
across pins VH and VL, i.e. (VH - VL). VL is normally con- 
nected to the analog ground, AGND, while VH should be sup- 
plied by a stable voltage reference. 


The internal reference voltage appearing at output pins VR I and 
VR2 is nominally (VH + VL)f2. 


If the voltage of the input signal Cllll swing below ground, it is. 
necessary to apply an offset to the input to make the AC ground 
correspond to the mid point of the full scale range, (VH + VL)/2. 
Outputs 
VR1 and VR2 provide 
the AC ground reference 
as 


shown in the diagram for Sample Connection. 


SYSTEM TIMING: 
Internal and output data timing of the 


AT76C120 are synchronized 
with the system clock, SCLK. To 


avoid possible synchronization 
and aliasing problems, deriving 


the convert clock, CONY, by dividing SCLK by 64 is recom- 
mended. 


The 
AT76C120 
samples 
both 
analog 
inputs, 
ADIN1 
and 


ADIN2, once every CONY period. Both inputs are sampled si- 
multaneously, 
i.e. in-phase. The AT76C120 
then performs an 


NO conversin 
on both samples and returns the two resulting 


18-bit codes at the serial data output pin, DOUT, during the fol- 
lowing CONY clock period. 


The convert clock, CONY, is used inside the AT76C120 to ini- 
tiate sample-and-hold 
and can also be used by the host processor 
to latch in the serial 16-bit or 18-bit wide output data. 


DIGITAL 
INTERFACE: 
The AT76C120 
uses a single multi- 


plexed serial data output pin, DOUT. CH-1 and CH-2 data bits 
are synchronized 
with SCLK and are available during either the 


"High" or the "Low" period of convert clock, CONY. A logic 
"1" at DOUT Mode Select, SELl, results in the AT76C120 re- 
turning the NO output of CH-1 during the CONY "Low" pe- 
riod, and CH-2 output during the CONY "High" period. A logic 
"0" at SELl results in CH-1 output during the CONY "High" 
period and CH-2 output during the CONY "Low" period. 


The convert clock, CONY, if equal to SCLK divided by 64, 
makes a transition from "High" to "Low" or vice versa after the 
LSB is shifted out of DOUT. This allows the serial data to be 
easily latched into most popular D/A converters or digital signal 
processors 
by using CONY rising or falling edges. To further 


enhance 
digital 
interface 
compatibility, 
DOUT 
Mode Select 


Input, SELl, allows the user to choose either CONY transitions 
for both channels. 


The AT76Cl20 
allows the user to choose either 16-bit wide or 


18- bit wide NO outputs in 2' s complement 
format. A logic "I" 


at 16/18 Mode Select Input, SEL2, returns two 18-bit codes at 
DOUT, while a logic "0" results in 16-bit output codes at CONY 
rising or falling edges as shown in Input/Output 
Timing dia- 


gram. 


In Digital Audio and many signal processing 
applications, 
the 


NO outputs are further processed by a digital filter. The 18-bit 
output mode provides better dynamic range and resolution than 
16- bit outputs. However, for applications 
with a 8-bit or 16-bit 


host microprocessor, 
16-bit wide data are more convenient 
to 


manage. 


SINGLE CONVERSION 
MODE: 
When using the AT76C120 


in a single conversion mode, please note that the fIrst 15 SCLK 
periods in each CONY cycle is used for internal sample-and- 
hold for both channels CH-1 and CH-2. Since the AT76C120 
returns the digital conversion 
results in a subsequent 
CONY 


cycle, two CONY periods are in general required to perform a 
random NO conversion. 


Symbol 
Functional 
Descriptions 


Analog 
ADIN1 
Analog Inputs for Channel-1 
(CH-1) and Channel-2 
(CH-2). The Sample/Hold 
function is 
Interface 
ADIN2 
provided on-chip for both channels. The analog inputs at ADIN1 and ADIN2 are sampled in- 
phase. Each ND conversion 
takes at least 64 SCLK periods. 


VL 
Reference Voltage Inputs. VL and VH are normally tied to Analog Ground and the desired full- 


VH 
scale voltage respectively. 
The full scale range is given by (VH-VL). The maximum full-scale 


voltage can be as high as AVCC. 


VR1 
Reference Voltage Outputs for CH-1 and CH-2. The nominal value at these pins is (VH+VL)/2. 
VR2 


Digital 
CON V 
Convert Clock Input. CONV is normally obtained by dividing the system clock SCLK by 64. 


Interface 
The internal Sample/Hold 
pulse and ND data output are synchronized 
with CONV. 


Serial Digital Output. DOUT returns two 18-bit serial outputs for CH-1 and CH-2 in 2's 


DOUT 
complement 
format. The output data bits are synchronized 
with SCLK. Please refer to DOUT 
Timing Diagram for detailed timing relationship with CONV and SCLK. 


SCLK 
System Clock Input. The maximum frequency for 18-bit operation 
is 6.144 MHz. 


This corresponds 
to a minimum conversion 
time of 10.4 lls. 


DOUT Mode Select Input. 


SEL1 
i) SEL1 = "1", 
ii) SEL 1 = "0", 
CH-1 data output during CONV "Low" 
CH-1 data output during CONV "High" 


CH-2 data output during CON V "High" 
CH-2 data output during CONV "Low" 


SEL2 
16/18-Bit Mode Select. 


i) SEL2 = "1" selects 18-bit ND mode, 
ii) SEL2 - "0" selects 16-bit ND mode. 


• 


Symbol 
Functional Descriptions 


Test 
TEST1 
Interface 
TEST2 
Test Inputs. Normally tied to Ground for TEST 1, 2, 4, 6 and to AGND for TEST 3, 5. These 
TEST3 
TEST4 
inputs are used for testing and calibration at the factory and are not required for normal ND 


TESTS 
operations. 


TEST6 


TOUT 
Test 1/0. Normally tied to Ground. 
Like the Test Input pins, this pin is not used for normal ND operations. 


Power 
AVCC 
Analog Power Input. Nominal 5 Volts. AVCC should be connected 
to a filtered system supply 


Supply 
and kept separate from the Digital Supply. 


DVCC 
Digital Power Input. Nominal 5 Volts. 


AGND 
Analog Ground. AGND should be kept separate from the digital Ground. 


GND 
Digital Ground. 


CH1 
ANALOG 
INPUT 


Notes: 
1. AVCC, AGND, +5V (A)- 
analog supply 
2. DVCC, GND, +5V (0)-- digital supply 
3. Use high quality 0.1-1lF ceramic chip capacitors. 


Temperature 
Under Bias 
-SS·C to 12S'C 


Storage Temperature 
-6S·C to 1S0'C 


Voltage on Any Pin with 
Respect to AGND and GND 
-2.0 V to 7.0 v(1) 


Power Dissipation 
1 W 


Reference Current 
10 mA 


Analog Input Current 
10 mA 


DC Digital Output Curren!... 
25 mA 


CH2 
ANALOG 
INPUT 


2. 
23 


22 


21 
20,. 


:~~AGND 


16 
15,. 


13 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Note: 
1. Minimum voltage is -0.6 V DC which may undershoot to -2.0 
V for pulses of less than 20 ns. Maximum output pin voltage 
is AVCC/DVCC+O.75 V DC which may overshoot to 7.0 V 
for pulses of less than 20 ns. 


AVCC/DVCC 
AT76C12D-1 
AT76C12D-2 
Power Supplies 


Com. 
0' C -70' 
C 
0' C -70' 
C 
5 V± 10% 
Operating Temperature 
Ind. 
-40' C - 85' C 
-40' C - 85' C 
5 V± 10% 
Range(Case) 


Mil. 
-55' C -125' C 
-55' C -125' C 
5V±5% 


Symbol 
Parameter 
Conditions 
Mln 
Max 
Units 


III 
Digital Input Load Current 
VIN = -0.1 V to DVCC+0.1 V 
10 
J.IA 


ILO 
Digital Output Leakage Current 
VOUT= -0.1 V to DVCC+0.1 V 
10 
J.IA 


ICCD 
Digital Supply Current 
40 
mA 


ICCA 
Analog Supply Current 
10 
mA 


IREF 
Reference 
Input Current 
5 
mA 


VIL 
Digital Input Low Voltage 
-0.5 
0.8 
V 


VIH 
Digital Input High Voltage 
2.2 
DVCC+0.5 
V 


VOL 
Digital Output Low Voltage 
10=5mA 
0.4 
V 


VOH 
Digital Output High Voltage 
10= -5 mA 
2.4 
V 


VAIN 
Analog Input Voltage 
VL 
VH 
V 


VH 
Analog Input Voltage at VH Pin 
AVCC-0.5 
AVCC 
V 


VL 
Analog Input Voltage at VL Pin 
0.0 
0.5 
V 


AT76C12D-1 
AT76C12D-2 


Symbol 
Parameter 
Conditions 
Min 
Typ 
Max 
Min 
Typ 
Max 
Units 


RES 
ND 
Resolution 
18 
18 
bits 


ILE 
Integral Linearity Error 
±0.006 
±0.01 
%FSR 


Fs 
ND Sampling 
Frequency 
18-Bit Mode 
96 
96 
kHz 


FSE 
Full Scale Error 
±0.15 
±0.15 
%FSR 


OdB, 1kHz Input 
0.01 
0.02 
% 


THD 
Total Harmonic 
Distortion 
-20dB, 1kHz Input 
0.02 
0.04 
% 


-60dB, 1kHz Input 
2 
4 
% 


SIN 
Signal-to-Noise 
Ratio 
90 
84 
dB 


AlmEL 


• 


AlmEL 


2.2V 


AC < 
DRIVING 
LEVELS 
O.8V 


AC 
MEASUREMENT 
LEVEL 


Notes: 
1. tR. tF < 30 ns (10% to 90%) 
2. Input timing reference is at 1.5 V 


Analog 
Digital Output Codes 
Input 
MSB .•• 
...LSB 


VH 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
VH -1 LSB(1) 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 


(VH + VLlI 
2 + 1 LSB 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 


(VH + VL) 12 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


(VH + VL) 12 - 1 LSB 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


VL+ 
1 LSB 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 


VL 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


CONV __ 
J-t 


s 


_-- 


Symbol 
Parameter 
Conditions 
Mln 
Max 
Units 


tR 
Input Rise Time 
30 
ns 


tF 
Input Fall Time 
30 
ns 


tH 
SCLK High Width 
50 
ns 


tL 
SCLK Low Width 
50 
ns 


ts 
CONY Setup Time 
40 
ns 


tACC 
DOUT Access Time 
CLOAD= 30 pF 
50 
ns 


TCONV 
CON V Period 
10.4 
IJ.S 


TSCLK 
SCLK Period 
162 
ns 


15 
20 
25 
30 
32 
46 
50 
55 
60 


SCLK 


CONV 
1 


CONV 
2 


ON-CHIP 
SIH 


CH-10UTPUT 


DOUT 
lot 
17 
16 
15 
14 
13 
12 
11 10 9 
8 
7 
6 
5 • 
3 
2 
LSS 
IotSS 


i) SEL 1 • "0", CONY 
1 
ii) SEL1 • "1", CONY 
2 


Notes: 
CONY = Fs (96 kHz Max) 
SCLK = CONY 
x 64 


SCLK 


CONV 
1 


CONV2 


i) SEL 1 = "0", CONY 
1 
ii) SEL1 = "1", CONY 
2 


Notes: 
CONY = Fs (96 kHz 
Max) 
SCLK =CONY 
x 64 
• 
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Speed 
Signal-to- 
Power 
Ordering Code 
Package 
Operation Range 
(KHz) 
Noise (dB) 
Supply 


96 
90 
±10% 
AT76C120-1PC 
24P6 
Commercial 
(O°C to 70°C) 


AT76C120-1PI 
24P6 
Industrial 
(-40°C to 85°C) 


96 
90 
±S% 
AT76C120-10M 
2406 
Military 
(-55°C to 125°C) 


96 
84 
±10% 
AT76C120-2PC 
24P6 
Commercial 


AT76C120-2RC 
24R 
(O°C to 70°C) 


AT76C120-2PI 
24P6 
Industrial 


AT76C120-2RI 
24R 
(-40°C to 85°C) 


96 
84 
±S% 
AT76C120-20M 
2406 
Military 
(-55°C to 125°C) 


Package 
Type 


2406 
24 Lead, 0.600· Wide, Non-Windowed (OTP). Ceramic Duallnline 
Package (Cerdip) 


24P6 
24 Lead, 0.600· Wide, Plastic Dual Inline Package OTP (POIP) 


24R 
24 Lead, 0.330· Wide, Plastic Gull Wing Small Outline (SOIC) 


Features 


• 
Dual-Channel 
16/18-blt 
AID Convener 
• 
Expandable 
to 16 Channels 
• 
Conversion 
Frequency 
up to 96 kHz Both Channels 


• 
Programmable 
Gain and Offset 
Control 
• 
Precision 
Vonage 
Reference 
• 
Programmable 
Low-Pass 
Filter 
• 
Wide Input Range from 0 V to 226 V 
• 
Serial Digital 
Output 
• 
Embedded 
Mlcrocontroller 
• 
128-Kbyte 
Internal 
RAM Expandable 
to 512 Kbyte 


• 
PC Bus or RS-232 Operation 
• 
DOS and Windows 
3.X Software 
Package 
• 
Special 
Wire Wrap Area for Prototyplng 


Description 


Aunel's AD-120 Analog Interface System is a high-performance 
development tool dedicated 


to Atmel's 
high resolution AT76C120 AID converter. It provides an easy-to-use instrument 


which reduces the evaluation, 
learning, 
development, 
and debugging 
cycle, and enables 


the development 
engineer to solve hardware and software problems quickly and efficiently. 


AD-l20 
operates with an IBM PCfXT/ATor 
compatible personal computer and carries out 


a set of functions selected by an embedded microcontroller. 
The system may be plugged into 


a PC slot or operated as a stand-alone unit controlled through an RS-232 link. 


The system provides the control lines to expand the analog inputs up to 16 channels by means 
of an external multiplexer. 


AD-120 is a complete package of software and hardware components. 
Most of the parts are 


standard 
items supplied 
with every system. 
Software 
sources, 
PLD formulas, 
and PCB 


layouts are available upon request and are optional items. 


AD-120 
Analog 
Interface 
System 


AlmEL 


• 


Applications 


Evaluation of the A176C120 
AID Converter 


Hardware and Software Implementations 


Prototyping Unit 


Process Control 


OEM Analog-to-Digital 
System 


Data Logging and Signal Analysis 


Specifications 


Analog Inputs 


Channels: 
2 Single-Ended 


Input Ranges: 
0 V to ± 226 V 


Coding: 
Two's Complement 
and True Binary 


Input Current: 
1.5 ~ 
maximum at 25°C 


Trigger Source: 
Software Command or External Signal 


AiD Converter 


AID Converter Type: 
Atmel's A176C120 


Resolution: 
16 or 18 Bits 


Conversion Time: 
10AjlS min. 


Channel Crosstalk: 
90 dB at 1 kHz 


Linearity: 
±O.15% 


Signal-to-Noise 
Ratio: 
90 dB at I kHz 


Reference 


Reference Voltage: 
5 V ± 20 mV 


Temperature 
Drift: 
25 ppm/"C 


Maximum Noise: 
4 ~V 


Filter 


Type: 
Second Order Butterworth LP Filter 


DC Low Pass Gain: 
±O.2 dB 


Clock Deviation Ratio: 
±1.5% at 250 kHz 


Q Error: 
±6% maximum 


Q Factor: 
0.74 


Cutoff Frequency: 
1.875 Hz to 30.720 kHz 


Gain Amplifier 


Gain: 
xl to x20.8 in Steps of 0.2 


Amplifiers: 
One for Each Channel 


Offset ContrOl 


Offset: 
0 V to 5 V in Steps of 0.0505 V 


Controls: 
One for Each Channel 


Attenuator 


Attenuation: 
1:1 or 1:101 


Controls: 
One for Each Channel 


Digital Output 


Serial Output: 
Bit Stream 


DOS Software 


Source Language: 
QuickBasic 


Command Set: 
Acquisition, 
Setup, View, Files, Quit 


Acquisition Menu: 
Start, Stop, Do Forever 


Setup Menu: 
Cutoff Frequency, 
Gain, Resolution, etc. 


View Menu: 
All, Range, First, Last, Graphics 


Files: 
Save, Filename 


Windows 3.X Software 


Source Language: 
C++ 


Command Set: 
Acquisition, 
Setup, View, Files, Help 


Acquisition Menu: 
Start, Stop, Do Forever 


Setup Menu: 
Cutoff Frequency, Gain, Resolution, etc. 


View Menu: 
Table, Graphics Info. 


Files: 
Load, Save 


Mlcrocontroller Software 


Source Language: 
PLM51 


Procedures: 
Initialization, 
Communications, 
Output, Process 


Host Characteristics 


AD120 Program: 
IBM PC/XT/AT 
or compatible, 
256 Kbyte 
of RAM, one floppy disk drive, one optional RS-232 interface 
board if used as a remote host, PC- DOS 2.0 or later 


WAD 120 Program: 
IBM PC/XT/A T or compatible, One Mbyte 
of RAM, one hard disk, VGA color display, Microsoft Windows 
3.0 or later, DOS 5.0 or later, one optional RS-232 
interface 


board if used as a remote host 


Environment 


Operating Temperature 
Range: 
O°C to 70°C 


Storage Temperature 
Range: 
-25°C to 85°C 


Mechanical Dimensions 


Maximum Size: 
120 mm x 20 mm 


Weight: 
265 grams 


Power Requirements 


Stand-Alone Mode: 
5 VDC/1.5 A 


PC Mode: 
5 VDC/1.5 A, 12 V/50 mA 


Items Supplied as Standard 


AD-120 Board and Components, 
User's Manual, RS-232 Cable 
and nine-pin Adapter, AD120 Program Disk, WAD120 Program 
Disk, Power Cable with Terminals and Package 


Optional 
Items 


PCB 
Layouts, 
PLD 
ABEUM 
Sources 
and 
JEDEC 
Files, 


Microcontroller 
PLM51 Sources, AD120 QuickBasic 
Sources, 


WAS 120 C++ Sources 


warranty 


Six months limited warranty, parts and labor 


Speed 
Signal-to- 
Power 
(KHz) 
Noise (dB) 
Supply 
Ordering Code 
Operation Range 


96 
84 
±100/0 
AD-120 
Commercial 
(O°C to 70°C) 


AlmlL 


• 


A1IDEL 


Features 


• 
Personal System/2* 
and VGA* Compatible 


• 
Pixel Rates to 66 MHz 
• 
Triple 6-Bit DACs Display 256K Possible Colors 


• 
Pixel Word Mask and Composite 
Blank on All Three Channels 


• 
18-Blt Wide Color Palette Stores 256 Colors 


• 
RGB Video Outputs Drive 37.5 Ohm Loads Directly 


• 
Low Power, Low Glitch Operation 


• 
Asynchronous 
MPU ReadlWrlte 
to All Internal Registers 


• 
Available 
In Standard 
28-Pln DIP and 32-Pln LCC 


• 
Full Military, Commercial 
and Industrial Temperature 
Ranges 


Description 


The A176C176 
is a second generation 
color palette DAC which provides direct drives for 
RGB color displays. The A176C176 
integrates three high performance 
SIX-bit video DACs 


(Digital-to-Analog 
Converters). 
an advanced 256 x 18 Color Palette (Color Look-up Table) 
and a versatile microprocessor 
interface on a monolithic substrate. 


The A176C176 
supports the RSI70 video standard and graphics controllers compatible with 


the VGA standard. This device allows 256 colors 
10 be displayed out of a total of 262,144 


colors. The A176C176 
provides 
composite blank outputs on all three channels. 
Additional 


advanced features include on-chip pixel mask logic which allows displayed colors 10 be mod- 
ified in a single write cycle rather than by altering the contents of the color palette. 


AEO 
, 
vcc 
GREEN 
2 
AS' 
BLUE 
3 
ASO 
• 


IREF 
• 
WR 


PO 
5 
07 


P' 
6 
06 
P2 
7 
AT76C176 
05 
P3 
8 
D. 
P. 
9 
03 
P5 
10 
02 
P6 
11 
0' 
P7 
12 
DO 
PCLK 
13 
BLANK 
GNo 
,. 
AD 


G 
B 
R 
LERNVRR 
UEE/ASS 
ENOCA10 


IREF 
WR 


PO 
07 


P1 
06 
P2 
05 
P3 
D. 
P. 
03 


P5 
02 
P6 
01 


P7 
DO 


Pin Name 
Function 


RED 
Analog Video Outputs 
GREEN 
for R,G,B Guns 
BLUE 


IREF 
Referen08 Current Input 


PO-P7 
Pixel Address Inputs 


PCLK 
Pixel Clock Input 


GNO 
Ground 


RO 
Read Enable Input 


BLANK 
Video Blanking Input 


00-07 
Program Data 110 


WR 
Write Enable Input 


RSO,RSl 
Register Select Inputs 


VCC 
+5 Volts Supply Input 


VAA 
+5 Volts Analog Supply Input 


N/C 
No Connect 


~~~~7RB 
LooCCoL 


K 
~ 
K 
* Personal System/2 and VGA are registered trademarks of IBM Corporation. 


CMOS 


Triple Video DAC 


Color Palette 


COLOR 


PALETIE 


MEMORY 


TIMING 
GENERATOR 


RED 
DAC 
GREEN 
DAC 
BLUE 
DAC 


00-07 


WR 
RD 
RS1 
ROO 


BLANK 
IREF 


Symbol 
Functional 
Descriptions 


Video Interface 
RED 
Analog Video Outputs. These are the outputs of the triple video DACs. The 18-bit 
GREEN 
wide color palette output and the BLANK input drive the DAC inputs. 


BLUE 


IREF 
Reference Current Input. The Reference Current sets the full scale current sourced 
by each DAC. 


PO-P7 
Pixel Address Inputs. The 8-bit Pixel Address is logically AND'ed with the Pixel Mask 
value before it is used to select a stored 18-bit color value from the palette. 


PCLK 
Pixel (or Dot) Clock Input. The rising edge of PCLK samples the Pixel Address and 
BLANK inputs. PCLK is the system clock for the palette DAC pipeline. 


BLANK 
Blanking 
Input. A logic "0" at BLANK input overrides 
the current 
color value and 
forces the Analog Video Outputs to the zero (or Blank) level. The Color Palette can 
be updated while Blanking is active. 


Power Supply 
GND 
Ground. GND should be connected to a solid ground plane in the system. 


VCC 
Digital Supply. Nominal 5 Volts. 
VCC should be bypassed to GND with a high-frequency 
capacitor. 


VAA 
Analog Supply. Nominal 5 Volts. 
VAA should be connected to a filtered system supply. 


Microprocessor 
RD 
Read Enable Input. RD controls the timing of microprocesssor 
Read operations. 


Interface 
Write Enable Input. WR controls the timing of microprocessor 
Write operations. 
RD 
WR 
and WR should not be active (low) at the same time. 


Program Data 110 Ports (Bidirectional). 
The rising edge of WR latches Program Data 
DO-D7 
at D7-DO into the selected internal register. The falling edge of RD enables 
D7-DO 
as outputs and the rising edge of RD returns D7-DO to a high impedance 
state. 


RSO, RS1 
Register Select Inputs. Control the selection of internal registers. (See description on 
Internal Registers.) The falling edge of RD or WR latches in the value at RS1, RSO. 


RS1 
RSO 
Bits 
Reg Ister Name 
Functional 
Description 


0 
0 
8 
Pixel Address 
The Pixel Address Register is accessed via Register Address (0,0) or (1,1). 
(Write Mode) 
Reading the Pixel Address 
value from (0,0) is the same as reading from 


1 
1 
8 
Pixel Address 
(1,1). A pixel address value is normally written to Pixel Address Register at 


(Read Mode) 
(0,0) before one or more color values are written to the Color Palette. A pixel 
address value is normally written to Pixel Address 
Register at (1,1) before 


one or more color values are read from the Color Palette. 


0 
1 
18 
Color Value 
The Color Value Register acts as a buffer between 
the 18-bit wide Color 


Palette and the 8-bit microprocessor 
interface. 
Each READ and WRITE at 


(0,1) consists 
of three 
byte transfers 
in the order 
of RED first, GREEN 


second and BLUE last. Only the LSBs 05-00 
of each byte are used, the two 


MSBs are set to "0" when a color value is read. The Pixel Address 
Register 


automatically 
increments 
after 
each 
18-bit 
color 
value 
Read 
or Write 


operation. 
Each color value READ or WRITE operation 
overrides 
the pixel 
stream for one PCLK period. 


1 
0 
8 
Pixel Mask 
The Pixel Mask value is bitwise AND'ed with the Pixel Address value at P7- 
PO.A "1" in a position of the Pixel Mask will not change the corresponding 
bit 
in the Pixel Address, while a "0" sets that bit to "0". Pixel Address supplied 
via the microprocessor 
interface is not affected by the Pixel Mask. 


Device Operation 


COLOR PALETI'E: 
The ATI6CI76 
provides an IS-bit wide 
by 256 word deep color palette static RAM array for storing the 
desired color intensity values. Each word is divided into three 
fields for the RED, GREEN 
and BLUE video DACs respec- 
tively. The eight-bit wide Pixel Address is decoded and used to 
select a particular location in the RAM array. The color value 
retrieved from that location is then used as inputs to the three 


video DACs which convert the digital color code into analog 
color intensity values. 


The ATI6CI76 
achieves low power, high speed operation by 


using an advanced pipelined 
palette DAC architecture. 
Delay 


from Pixel Address to color intensity value out is three PCLK 
• 
periods. 


REDX X X X X X X X X X X X X X>-A---B...r-C\....BLAN_BLANK~F---<!'""\... 


GREENX X X X X X X X X X X X X X>-A-r-B'--C 
__ 
BLAN_BLANK...rF---~ 


BLUEX X X X X X X X X X X X X zy-A'--B...r-C\....BLA_BLANK 
__ 
F---~ 


A1iiI[ 


MPU IN1ERFACE: 
The A176CI76 
provides a standard mi- 


croprocessor 
interface which allows the host display controller 


to access the Color Palette RAM and all internal registers of the 
AT76C 176. MPU READ and WRITE operations are internally 
synchronized 
with the video pipeline 
and therefore 
can take 
place asynchronously 
from the normal pixel mapping operation. 


An on-chip 
address 
counter 
allows 
the MPU 
to READ 
or 


WRITE the Color Palette in a Block Mode. 


COLOR PALETTE 
READ AND WRITE: 
Four MPU opera- 
tions are required to write (Le. store a Color Value) to a specific 
location in the Color Palette RAM. The desired RAM address is 
fITstwritten into the internal Pixel Address register by executing 
a WRITE operation at register address (0,0). A new Color Value 
is next written into the internal Color Value register at register 
address (0,1) by three consecutive WRITE operations, with the 
RED color first, GREEN 
second and BLUE last Only LSBs 
D5-00 of each byte transferred are used. The new Color Value 
is then automatically 
written into the designated address in the 
Color Palette RAM. 


Similarly, 
four MPU operations 
are required to read a Color 
Value from a specific location in the Color Palette RAM. The 
RAM address is written into the internal Pixel Address register 
by executing a WRITE operation at register address (1,1). The 
Color Value stored in that particular RAM location is automati- 
cally transferred 
to the internal Color Value Register. 
Three 
consecutive READ operations are then required to read the re- 
trieved Color Value in three bytes, with the RED color first, 
GREEN second and BLUE last Only the last six LSBs D5-00 
contain valid data, the two MSBs are set to "0". 


BLOCK READ AND WRITE MODE: 
The on-chip Pixel Ad- 


dress Register automatically 
increments by one after each com- 
plete Color Value READ or WRITE operation. This useful fea- 
ture allows an entire block of the Color Palette RAM to be ac- 
cessed by simply writing the starting address into the Pixel Ad- 
dress register 
at the appropriate 
register address. 
Subsequent 
READ or WRITE operations require only three-byte transfers at 
D7-00. 


TRIPLE VIDEO DAC: 
Each of the three video DACs on the 
A176C 176 consists of an array of current sources tied to a com- 
mon output 
The current sources use an advanced current steer- 
ing scheme to minimize glitch energy. The number of current 
sources in each DAC steered to the output during any PCLK 
period equals the value represented by the Color Value selected 
from the Color Palette. 
The rest of the current 
sources 
are 


steered to ground. 


The input Reference 
Current (IREF) determines 
the current in 


each current source. Each DAC is designed to produce 0.7-volt 
peak white level when driving a doubly terminated 75 ohm load 
with IREF = -8.88 mA. 
The relationship 
between 
the peak 


white level and IREF is given by the equation: 


VPeakWhite = 2.1 x IREF X RLoad 


BLANKING: 
The A176C 176 supports composite blanking at 
all three RED, GREEN and BLUE video outputs. The BLANK 
input is latched on the rising edge of PCLK and affects the ana- 
log 
video 
outputs 
after 
three 
PCLK 
periods. 
An 
internal 
pipelined delay circuit is used to synchronize the BLANK input 
with the normal pixel pipeline. 
A logic "0" at BLANK input 


overrides 
the current color value and forces the analog video 


outputs to the zero (or Blank) level. The BLANK circuit has no 
effect on the MPU interface and the Color Palette remains ac- 
cessible via READ and WRITE. 


PIXEL MASK: 
The A176CI76 
features an advanced on-chip 


Pixel Mask which is very useful for cursor control, flashing ob- 
jects, and animation. 
The Pixel Mask value stored in internal 


register (1,0) is bitwise AND'ed 
with the input Pixel Address 
value at P7-PO to form the actual RAM address for the Color 
Palette. A "1" in a position of the Pixel Mask will not change the 
corresponding 
bit in the Pixel Address, while a "0" sets that bit 


to "0". Pixel Addresses supplied via the MPU interface are not 
affected by the Pixel Mask. 


Absolute Maximum Ratings· 


Temperature 
Under Bias 
-55·C to 125'C 


Storage Temperature 
-65·C 
to 150'C 


Voltage on Any Pin with 
Respect to Ground 
-2.0 V to 7.0 V(1) 


Power Dissipation 
1.5 W 


Reference Current 
-15 mA 


Analog Output Current 
45 mA 


DC Digital Output Curren!... 
25 mA 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 


mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 
Note: 
1. Minimum voltage is -0.6 V DC which may undershoot to -2.0 


V for pulses of less than 20 ns. Maximum output pin voltage 
is VCC+O.75 V DC which may overshoot to 7.0 V for pulses 
of less than 20 ns. 


VCCNAA 


AT76C176-66 
AT76C176-SO 
AT76C176-4O 
Power Supplies 


Com. 
O· C -70· 
C 
5 V±5% 


Operating Temperature 
O· C -70· 
C 
O· C -70· 
C 
5 V± 10% 
Range(Case) 
Ind. 
-40· C - 85· C 
-40· C - 85· C 
5 V± 10% 


Mil. 
-55· C -125· C 
5V±5% 


All 
40 MHz 
SO MHz 
66 MHz 
Symbol 
Parameter 
Conditions 
Mln 
Max 
Max 
Max 
Units 


III 
Input Load Current 
VIN = -0.1 V to Vcc+0.1 
V 
10 
10 
10 
J.1A 


ILO 
Output Leakage 
Your = -0.1 V to Vcc + 0.1 V 
10 
10 
10 
J.1A 
Current 


Icc 
Power Supply Current 
10= 21 mA 
160 
170 
190 
mA 
Digital Outputs Open 


IREF 
Reference Current 
-7 
-10 
-10 
-10 
mA 


VIL 
Input Low Voltage 


( 
-0.5 
0.8 
0.8 
0.8 
V 


VIH 
Input High Voltage 
2.0 
Vcc+0.5 
Vcc+0.5 
Vcc+0.5 
V 


VOL 
Output Low Voltage 
10=5mA 
I 
0.4 
0.4 
0.4 
V 


VOH 
Output High Voltage 
10= -5 mA 
2.4 
V 


VREF 
Voltage at IREF Input 
Vcc-3 
Vcc 
Vcc 
Vcc 
V 


All 
All 
40 MHz 
SO MHz 
66 MHz 
Symbol 
Parameter 
Conditions 
Mln 
Typ 
Max 
Max 
Max 
Units 


RES 
Resolution 
6 
bits 


ILE 
Integral Linearity Error 
Note A 
±0.5 
±0.5 
±0.5 
LSB 


COR 
DACto 
DAC 
Note B 
±2 
±2 
±2 
% 
Correlation 


FSE 
Full Scale Error 
NoteC 
±5 
±5 
±5 
% 


DVT 
Glitch Energy 
Notes D, E 
75 
pVsec 


10 
Output Current 
VO < 1 V 
18.6 
21 
21 
21 
mA 


VO 
Output Voltage 
10 < 21 mA 
0.7 
1.5 
1.5 
1.5 
V 


tOR 
Rise Time 
Notes D, E 
8 
8 
6 
(10%t090%) 
ns 


tOF 
Full Scale Settling 
Notes D, E, F 
25 
20 
15 
ns 
Time 


AlmEL 


• 


All 
40 MHz 
so MHz 
66 MHz 


Symbol 
Parameter 
COnditions 
Max 
Mln 
Mln 
Mln 
Units 


tCHCH 
PCLK 
Period (t) 
10000 
28 
20 
15 
ns 


&tCHCH 
PCLK Jitter 
tCHCH =t 
±2.5 
% 


tCLCH 
PCLK 
Low Width 
10000 
9 
6 
5 
ns 


tCHCL 
PCLK 
High Width 
10000 
7 
6 
5 
ns 


tPVCH 
Pixel Word 
Setup 
Time 
5 
4 
3 
ns 


tCHPX 
Pixel Word 
Hold Time 
5 
4 
3 
ns 


tBvCH 
BLANK 
Setup 
Time 
- 
- 
- 
5 
~ 
4 
3 
ns 


tCHBX 
BLANK 
Hold Time 
5 
4 
3 
ns 


tCHAV 
PCLK to DAC Output 
Valid 
NoteG 
30 
5 
5 
5 
ns 


&tCHAV 
Differential 
Output 
Delay 
Note H 
2 
ns 


tcc 
Pixel Clock 
Transition 
Time 
50 
ns 


c~ 


'-- 
BLANK-- 
BLANK-F 


GREEN 
-A-rB 
c~ 
BLANK--BLANKJ 


-A~ 
B 


Input Test Waveforms 


3.0V 


DR~V~NG< 
LEVELS 


O.OV 


2.4 
AC 
MEASUREMENT 
0.8 
LEVEL 


DigitallnputlOutput 
Load 


1.4Vj 


2000HM 


va 
CL = 50pF INCLUDING 
T JIG CAPACITANCE 
Notes: 
1. tR. IF <3 ns (10% to 90%). 
2. Input timing reference is at 1.5 V. 


All 
40 MHz 
50 MHz 
66 MHz 
Symbol 
Parameter 
Conditions 
Max 
Mln 
Mln 
Mln 
Units 


twLWH 
WR Pulse Width Low 
50 
50 
50 
ns 


tRLRH 
RD Pulse Width Low 
50 
50 
50 
ns 


tSVWL 
Register Select Setup Time 
WRITE Operations 
15 
10 
10 
ns 


tSVRL 
Register Select Setup Time 
READ Operations 
15 
10 
10 
ns 


tWLSX 
Register Select Hold Time 
WRITE Operations 
15 
10 
10 
ns 


tRLSX 
Register Select Hold Time 
READ Operations 
15 
10 
10 
ns 


tOVWH 
Write Data Setup Time 
15 
10 
10 
ns 


tWHOX 
Write Data Hold Time 
15 
10 
10 
ns 


tRLQX 
Output Turn-on Delay 
5 
5 
5 
ns 


tRLQV 
Read Enable Access Time 
40 
ns 


tRHQX 
Output Hold Time 
5 
5 
5 
ns 


tRHQZ 
Output Turn-off Delay 
Note I 
20 
ns 


tWHwLl 
Successive 
Write Interval 
't=PCLK Period 
4't 
4't 
4't 
ns 


tWHRL1 
Write Followed by Read Interval 
't=PCLK Period 
4't 
4't 
4't 
ns 


tRHRLl 
Successive 
Read Interval 
't=PCLK Period 
4't 
4't 
4't 
ns 


tRHWLl 
Read Followed by Write Interval 
't=PCLK Period 
4't 
4't 
4't 
ns 


tWHWL2 
Write After Color Write 
't=PCLK Period 
4't 
4't 
4't 
ns 


tWHRL2 
Read After Color Write 
't=PCLK Period 
4't 
4't 
4't 
ns 


tRHRL2 
Read After Color Read 
't=PCLK Period 
7't 
7't 
7't 
ns 


tRHwL2 
Write After Color Read 
't=PCLK Period 
7't 
7't 
7't 
ns 


tWHRL3 
Read After Read Address Write 
't=PCLK Period 
7't 
7't 
7't 
ns 


tWREN 
ReadlWrite 
Enable Transition 
50 
ns 
Time 
II 


Measured from best fit line through DAC transfer 
curve. 
Measured from the mid point of the distribution of the 
three DAC transfer cUlVes. 
FS"J 
VQ-2.1XlREFXRLoad} 100% 
L 
2.1xlREFxRLoad 
ZLoad= 37.5 ohm + 30 pF, lREF = -8.88 mA 
This parameter is sampled and not 100% tested. 


Measured from a 2% change in the DAC output 
voltage to within 2% of the final value. 
Measured between the 50% point of the rising 
edge of PCLK and at the analog output halfway be- 
tween successive output values. 
Measured between different analog outputs on the 
same device. 
Measured at ±200 mV from steady state output values. 


NoteC: 


NoteD: 
NoteE: 
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ADDRESS 


\xxxxxl 
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RD 
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DO - D7 --< 
ADDRESS 
) 
~ 
~ 
( 
BLUE >-----<XX • 
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~ 
} 
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t RHRl1 
t RHRl1 
t RHRL2 


RD 
~, 
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A.C. Waveforms for Color Value Read 


Followed by Pixel Address (Read Mode) Read 


IWHRL3 


WR~~-~ 
_ 


RD 


RSO :m 
,<X X X Xy 
,<X X X Xy 
,<X X X Xy 
,<X X X XY 
'<XXXXXXXXXX 


RS1 :J:iJ 
'<XXXX\ 
,(Xxxn 
AXXXXA 
,(X X X XY 
'<XXXXXXXXXX 
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ADDRESS 
) 
~ 
~ 
~ 
( 
ADDRESS+2 }-- 


WR \ 
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RD 
/ 


RSO \ 
/XXXXX\ 
/XXXXXXXXX 


RS1 \ 
/XXXXX\ 
/XXXXXXXXX 


DO- D7 --{ 
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) 
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) 
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/ 
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11·40 
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A.C. Waveforms for Pixel Mask or Pixel Address Read 


Followed by Any Read or Write 
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Speed 
Power 
Operation 
Range 
(MHz) 
Supply 
Ordering Code 
Package 


40 
±10% 
AT76C 176-40PC 
28P6 
Commercial 
(O"C to 70'C) 


AT76C176-40PI 
28P6 
Industrial 
(-40'C to 8S'C) 


40 
±SOlo 
AT76C176-400MB 
2806 
Military 


AT76C 176-40LMB 
32L 
(-SS'C to 12S'C) 


SO 
±10% 
AT76C176-S0PC 
28P6 
Commercial 
(O"C to 70'C) 


AT76C176-S0PI 
28P6 
Industrial 
(-40'C to 8S'C) 


66 
±S% 
AT76C176-66PC 
28P6 
Commercial 
(O"C to 70'C) 


Package Type 


2806 
28 Lead, 0.600· Wide, Non-Windowed, Ceramic Duallnline 
Package (Cerdip) 


32L 
32 Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC) 


28P6 
28 Lead, 0.600· Wide, Plastic Duallnline 
Package (POIP) 


Features 


• 
Personal System/2*, 
8514/A, and VGA* Compatible 


• 
High Pixel Rates to 135 MHz 
• 
Supports High Resolution 
1280 x 1280 Pixels Color Graphics Displays 
• 
Low Standby Current Less than 1 mA (Typical) 
• 
Anti-Sparkle 
Circuitry 
• 
Triple 6-Blt DACs Display 256K Possible Colors 


• 
Pixel Word Mask and Composite 
Blank on All Three Channels 


• 
18-Blt Wide Color Palette Stores 256 Colors 


• 
High Reliability CMOS Technology 
2000 V ESD Protection 
200 mA Latchup Immunity 


• 
Available In Standard 28-Pln DIP, 32-Pln LCC, and 
32- and 44-Pln Plastic LCC 


• 
Full Military, Commercial 
and Industrial Temperature 
Ranges 


Description 


The A176C176A 
is a second generation color palette DAC which provides direct drives for 


high resolution 
RGB 
color 
displays 
with 
resolutions 
up to 1280 x 1280 pixels. 
The 


A176C176A 
integrates three high performance 
six-bit video DACs (Digital-to-Analog 
Con- 


verters), an advanced 256 x 18 Color Palette (Color Look-up Table) and a versatile micro- 
processor interface on a monolithic substrate. 


The A176C 176A supports the RS 170 video standard and graphics controllers compatible with 
the VGA and extended VGA standards. This device allows 256 colors to be displayed out of a 
total of 262,144 colors. The A176C176A 
provides composite blank outputs on all three chan- 


nels. Additional advanced features include on-chip anti-sparkle circuitry and pixel mask logic 
which allows displayed colors to be modified in a single write cycle rather than by altering the 
contents of the color palette. For lap-top computers and other battery powered applications, the 
AT76C 176A provides a low power standby mode of operation. 


135 MHz 


Monolithic 
CMOS 


Hi-Res Video 


Color Palette 


Pin Configurations 


A A 
P 


G 
_NVGGNGGNNC 
R/CNNJNNIIL 


REO 
vcc 
B R 
DCCDOCOOCCK 
II 


GREEN 
Rsl 
lERPVRR 
UEEDASS 
BLUE 
RsO 
ENDNA10 
IREF 
WR 
BLANK 
P7 


PO 
07 
00 
P6 
Pl 
06 
IREF 
w- 
01 
PS 


P2 
OS 
PO 
07 
02 
P4 
P3 
04 
Pl 
06 
03 
AT76C176A 
P3 


P4 
03 
P2 
OS 
04 
P2 


PS 
02 
P3 
04 
OS 
Pl 


P6 
01 
P4 
03 
06 
PO 


P7 
00 
PS 
02 
07 
NIC 
PCll< 
Ill.ANK 
P6 
01 
..vA 
NIC 
GNO 
AD 
P7 
00 
RsO 
NIC 


~~~~~RB 
RNVVpNGRGBI 


LODCCOl 
~bg~~b~5~b~ 


K 
~ 
E E 
F 


K 
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Pin Name 
Function 


RED 
Analog Video Outputs 
GREEN 
for R,G,B Guns 
BLUE 


IREF 
Reference Current Input 


PO-P7 
Pixel Address Inputs 


PCLK 
Pixel Clock Input 


AGND 
Analog Ground 


GND 
Ground 


RD 
Read Enable Input 


BLANK 
Video Blanking Input 


00-07 
Program Data 1/0 


WR 
Write Enable Input 


RSO,RS1 
Register Select Inputs 


PDN 
Power-Down Input 


VCC 
+5 Volts Supply Input 


VAA 
+5 Volts Analog Supply Input 


NIC 
No Connect 


AlmEL 


AlmEL 


COLOR 


PALETTE 


TIMING 
GENERATOR 


DATA 


18- 
BIT 


00-07 


WR 
RD 
RS1 
ROO 


BLANK 


IREF 
PDN 


Symbol 
Functional Descriptions 


Video Interface 
RED 
Analog Video Outputs. These are the outputs of the triple video DACs. The 18-bit wide 


GREEN 
color palette output and the BLANK input drive the DAC inputs. 


BLUE 


IREF 
Reference Current Input. 
The Reference Current sets the full scale current sourced by each DAC. 


PO-P7 
Pixel Address Inputs. The 8-bit Pixel Address is logically AND'ed with the Pixel Mask 
value before it is used to select a stored 18-bit color value from the palette. 


PCLK 
Pixel (or Dot) Clock Input. The rising edge of PCLK samples the Pixel Address and 
BLANK inputs. PCLK is the system clock for the palette DAC pipeline. 


BLANK 
Blanking Input. A logic "0" at BLANK input overrides the current color value and forces 
the Analog 
Video Outputs 
to the zero (or Blank) 
level. The Color 
Palette can be 


updated while Blanking is active. 


Power Supply 
AGND 
Ground. Both AGND and GND should be connected to a solid ground plane 


GND 
in the system. 


VCC 
Digital Supply. Nominal S Volts. 
VCC should be bypassed to GND with a high-frequency 
capacitor. 


VAA 
Analog Supply. NominalS 
Volts. 


VAA should be connected to a filtered system supply. 


Microprocessor 
RD 
Read Enable Input. RD controls the timing of microprocessor 
Read operations. 


Interface 
Write Enable Input. WR controls the timing of microprocessor 
Write operations. 
RD 
WR 
and WR should not be active (low) at the same time. 


Program Data I/O Ports (Bidirectional). 
The rising edge of WR latches Program Data 


00-07 
at 07-00 
into the selected internal register. The falling edge of RD enables 07-00 
as 


outputs and the rising edge of RD returns 07-00 
to a high impedance 
state. 


RSO, 
Register Select Inputs. Control the selection of internal registers. (See description 
on 


RS1 
Internal Registers.) The falling edge of RD or WR latches in the value at RS1, RSO. 


PDN 
Power-Down 
Input. A logic "0" at PDN input powers down the video DAC and Color 


Palette circuits for low power standby mode operation. 
The Color Palette can still be 


read or updated if PCLK is active. PDN should be held at logic "1" for normal operation. 


RS1 
RSO 
Bits 
Register Name 
Functional Description 


0 
0 
8 
Pixel Address 
The Pixel Address Register is accessed 
via Register Address (0,0) or 
(Write Mode) 
(1,1). 
Reading 
the 
Pixel Address 
value from 
(0,0) 
is the same 
as 


1 
1 
8 
Pixel Address 
reading from (1,1). A pixel adoress value is normally written to Pixel 
Address Register at (0,0) before one or more color values are written to 
(Read Mode) 
the Color Palette. A pixel address 
value is normally 
written 
to Pixel 


Address Register at (1,1) before oneor 
more color values are read from 


the Color Palette. 


0 
1 
18 
Color Value 
The Color Value Register acts as a buffer between the 18-bit wide Color 
Palette and the 8-bit microprocessor 
interface. Each READ and WRITE 


at (0,1) consists of three byte transfers in the order of RED first, GREEN 
second and BLUE last. Only the LSBs 05-00 
of each byte are used, the 
two MSBs are set to "0" when a color value is read. The Pixel Address 
Register automatically 
increments 
after each 18-bit color value READ 


or WRITE 
operation. 
Each color value 
READ 
or WRITE 
operation 


overrides the pixel stream for one PCLK period. 


1 
0 
8 
Pixel Mask 
The Pixel Mask value is bitwise AND'ed with the Pixel Address value at 
P7-PO. A "1" in a position 
of the 
Pixel 
Mask will 
not change 
the 
corresponding 
bit in the Pixel Address, while a "0" sets that bit to "0". 


Pixel Address supplied via the microprocessor 
interface is not affected 


by the Pixel Mask. 


Device Operation 


COLOR PALETfE: 
The AT76C176A 
provides an 18-bit wide 
by 256-word deep color palette static RAM array for storing the 
desired color intensity values. Each word is divided into three 
fields for the RED, GREEN and BLUE video DACs respec- 
tively. The eight-bit wide Pixel Address is decoded and used to 
select a particular location in the RAM array. The color value 
retrieved from that location is then used as inputs to the three 
video DACs which convert the digital color code into analog 
color intensity values. 


The AT76C176A 
achieves low power, high speed operation by 
using an advanced 
pipe lined palette DAC architecture. 
Delay 


from Pixel Address to color intensity value out is three PCLK 
periods. 


MPU INTERFACE: 
The AT76C 176A provides a standard mi- 
croprocessor 
interface which allows the host display controller 
to access the Color Palette RAM and all internal registers of theII 
AT76C176A. 
MPU READ and WRllE 
operations 
are inter- 
nally synchronized 
with the video pipeline and therefore can 


take place asynchronously 
from the normal pixel mapping oper- 
ation. An on-chip address counter allows the MPU to READ or 
WRllE 
the Color Palette in a Block Mode. 


RED X X X X X X X X X X X X X X>- 
A----- 
B~ 
C"""'L BLAN~BLANK...r-F~ 
G\.... 


GREENX X X X X X X X X X X X X X>-A---.r-B'-C 
__ 
BLAN~BLANK...rF----~ 


BLUE X X X X X X X X X X X X X X>'A~B~C"-BLAN~BLANK 
__ 
F~~ 
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COLOR PALETTE 
READ AND WRITE: 
Four MPU opera- 
tions are required to write (Le. store a Color Value) to a specific 
location in the Color Palette RAM. The desired RAM address is 
frrst written into the internal Pixel Address register by executing 
a WRITE operation at register address (0,0). A new Color Value 
is next written into the internal Color Value register at register 
address (0,1) by three consecutive WRITE operations, with the 
RED color first, GREEN second and BLUE last. Only LSBs 
DS-DO of each byte transferred are used. The new Color Value 
is then automatically 
written into the designated address in the 
Color Palette RAM. 


Similarly, 
four MPU operations 
are required to read a Color 


Value from a specific location in the Color Palette RAM. The 
RAM address is written into the internal Pixel Address register 
by executing a WRITE operation at register address (1,1). The 
Color Value stored in that particular RAM location is automati- 
cally transferred 
to the internal Color Value Register. 
Three 


consecutive READ operations 
are then required to read the re- 
trieved Color Value in three bytes, with the RED color first, 
GREEN second and BLUE last. Only the last six LSBs DS-DO 
contain valid data, the two MSBs are set to "0". 


BLOCK READ AND WRITE MODE: 
The on-chip Pixel Ad- 
dress Register automatically 
increments by one after each com- 


plete Color Value READ or WRITE operation. This useful fea- 
ture allows an entire block of the Color Palette RAM to be ac- 
cessed by simply writing the starting address into the Pixel Ad- 
dress register 
at the appropriate 
register address. Subsequent 
READ or WRITE operations require only three-byte transfers at 
D7-DO. 


ANTI-SPARKLE 
CIRCUITRY: 
The outputs of the Color Pal- 
ette RAM drive the inputs of the video DACs via an 18-bit anti- 
sparkle register. Whenever a Read or Write is performed on the 
Color Palette through the MPU interface, the anti-sparkle regis- 
ter substitutes 
the latest pixel Color Value with the previous 


pixel Color value. Since the Color Value may be corrupted 
when the Color Palette is accessed during active display, this 
feature minimizes 
and often eliminates any visible sparkles on 
the video display. The anti-sparkle circuitry makes unrestricted 
access to the Color Palette RAM viable. 


TRIPLE VIDEO DAC: 
Each of the three video DACs on the 
AT76C 176A consists of an array of current sources tied to a 
common output. The current sources use an advanced current 
steering scheme to minimize glitch energy. The number of cur- 
rent sources 
in each DAC steered 
to the output during any 
PCLK period equals the value represented 
by the Color Value 


selected from the Color Palette. The rest of the current sources 
are steered to ground. 


The input Reference Current (IREF) determines 
the current in 


each current source. Each DAC is designed to produce 
0.7-volt 
peak white level when driving a doubly terminated 7S-ohm load 
with IREF = -8.88 mA. 
The relationship 
between 
the peak 


white level and !REF is given by the equation: 


BLANKING: 
The AT76CI76A 
supports composite 
blanking 
at all three RED, 
GREEN 
and 
BLUE 
video 
outputs. 
The 


BLANK input is latched on the rising edge ofPCLK 
and affects 


the analog video outputs after three PCLK periods. An internal 
pipelined delay circuit is used to synchronize the BLANK input 
with the normal pixel pipeline. 
A logic "0" at BLANK input 


overrides 
the current color value and forces the analog video 


outputs to the zero (or Blank) level. The BLANK circuit has no 
effect on the MPU interface and the Color Palette remains ac- 
cessible via READ and WRITE. 


PIXEL MASK: The AT76C 176A features an advanced on-chip 
Pixel Mask which is very useful for cursor control, flashing ob- 
jects, and animation. 
The Pixel Mask value stored in internal 
register (1,0) is bitwise AND'ed 
with the input Pixel Address 


value at P7-PO to form the actual RAM address for the Color 
Palette. A "1" in a position of the Pixel Mask will not change the 
corresponding 
bit in the Pixel Address, while a "0" sets that bit 
to "0". Pixel Addresses supplied via the MPU interface are not 
affected by the Pixel Mask. 


POWER-DOWN 
MODE: 
In PLCC packages, the AT76C176A 


provides an on-chip power-down feature for use in lap-top com- 
puters and other battery-powered 
applications. 
During normal 
operation, pin PDN should be held as logic "1." A logic "0" at 
PDN powers down the video DAC and Color Palette circuits. 


Temperature 
Under Bias 
-55·C to 125'C 


Storage Temperature 
-65·C 
to 150'C 


Voltage on Any Pin with 
Respect to Ground 
-2.0 V to 7.0 V(1) 


Power Dissipation 
1.5 W 


Reference Current 
-15 mA 


Analog Output Current.. 
45 mA 


DC Digital Output Curren!.. 
25 mA 


*NOTICE: Stresses beyond those listed under "Absolute Maxi- 


mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions beyond those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Note: 
1. Minimum voltage is -0.6 V DC which may undershoot to -2.0 


V for pulses of less than 20 ns. Maximum output pin voltage 
is VCC~.75 
V DC which may overshoot to 7.0 V for pulses 


of less than 20 ns. 


PCLK 


BLANK 
PDN (PLCC ONLY) 


RSO 
RSl 
WR 
RD 


GREEN 


Po-P7 
BLUE 


System Implementation 
Considerations 


POWER SUPPLY DECOUPLING 
AND GROUNDING: 
To 
obtain 
the 
cleanest 
possible 
analog 
outputs 
from 
the 
ATI6C 176A, digital noise coupling into the analog signal paths 
needs to be minimized. The video data paths, power supply lines 
and ground planes on the circuit board should be laid out care- 
fully to reduce noise coupling. 
As illustrated 
in the diagram 


above (Sample Connection 
for Typical Application), a separate 
VAA line decoupled to AGND with an electrolytic capacitor in 
parallel with a smaller ceramic chip capacitor should be used for 
the analog circuits on the ATI6C176A. 
Similarly, a separate an- 
alog ground return, AGND, which is connected 
to the lowest 
impedance point in the system ground plane, should be used. 


For best results, four-layer PC boards with separate ground and 
power 
supply 
planes 
are recommended. 
The 
AGND 
plane 


should 
be 
laid 
out 
as 
an 
island 
or 
tub 
underneath 
the 
AT76C176A. 
All video frequency signal traces should be kept 


as short as possible 
to minimize 
radiation and all decoupling 


capacitors should be placed as close to the ATI6C176A 
as the 
layout rules permit. 


Noise and transients on the power and ground lines can be cou- 
pled or aliased into the video circuits by the switching action of 
the ATI6C 176A. For applications at 66 MHz and above, it may 
be necessary to isolate both VAA and AGND from the system 
supplies with inductors of appropriate values. 


CURRENT REFERENCE: 
The maximum full scale output of 


the video DACs is determined by the reference current supplied 
externally at pin IREF. An adjustable current source such as the 
LM334 is recommended 
to set the reference current at 8.88 mA 
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for a full scale output of 0.7 volt when driving a 37.5-ohm load. 
The video DACs employ current sources which are referenced 
to the positive supply voltage. A high quality O.l-~ 
chip capac- 
itor may be required to decouple !REF to VAA or VCC. 


VIDEO INTERFACE: 
The RED, GREEN and BLUE video • 
outputs are designed to drive doubly terminated 
75-ohm lines. 


To minimize ringing due to impedance mismatch, 75-ohm ± 1% 
thin film resistors should be placed close to the ATI6C l76A on 
the PC board. 


To comply with FCC RF emission regulations, ferrite beads can 
be inserted at the video outputs to limit the amount of high fre- 
quency emission. The ATI6C176A 
is designed to produce very 


little high frequency digital feedthrough. 


SYSTEM TIMING: 
The pixel clock, PCLK, controls the tim- 
ing of the Color Palette and the Video DACs. To obtain the 
highest quality display possible 
with the ATI6C176A, 
Setup 
and Hold time requirements 
with respect to PCLK should be 
strictly adhered to. The duty cycle limits of PCLK should also 
be met over the entire display. 


DIGITAL INTERFACE: 
When the high impedance digital in- 


puts of the CMOS AT76C176A 
are driven by low impedance 


sources, considerable 
ringing can occur, which may degrade 


high video rate operation. Impedance 
matching resistors of the 


order of 50 ohms can be inserted in series at the inputs to the 
Pixel Address and Blanking inputs to reduce ringing. This also 
minimizes the amount of high frequency emission due to exces- 
sively high slew rates at the video data inputs. 
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AT76C176A·13 
AT76C176A-66 
VCCNAA 
AT76C176A-11 
AT76C176A-80 
AT76C176A·50 
Power Supplies 


Com. 
O· C -70· 
C 
5 V± 
5% 


Operating Temperature 
O· C -70· 
C 
O· C -70· 
C 
5 V± 10% 
Range(Case) 
Ind. 
-40· C - 85· C 
-40· C - 85· C 
5 V± 10% 


Mil. 
-55· C -125· C 
5 V±5% 


50 
66 
80 
110 
135 


All 
MHz 
MHz 
MHz 
MHz 
MHz 
Symbol 
Parameter 
Conditions 
Mln 
Max 
Max 
Max 
Max 
Max 
Units 


III 
Input Load Current 
VIN= -0.1 Vto 
10 
10 
10 
10 
10 
j.lA 
Vcc+O.l V 


ILO 
Output Leakage 
VOUT= -0.1 Vto 
10 
10 
10 
10 
10 
j.lA 
Current 
Vcc+ O.t V 


Ice 
Power Supply 
10 = 21 mA, PDN = VIH 
170 
190 
210 
240 
265 
mA 
Current 
Digital Outputs Open 


Standby Supply 
PDN = VIL 


IS8 
Digital Inputs = 
10 
10 
10 
10 
mA 
Current 
VIHI VIL 


IiLP 
Current Sourced 
PDN = VIL 
20 
20 
20 
20 
j.lA 
by Pin PDN 


IREF 
Reference Current 
-7 
-10 
-10 
-10 
-10 
-10 
mA 


VIL 
Input Low Voltage 
-0.5 
0.8 
0.8 
0.8 
0.8 
0.8 
V 


VIH 
Input High Voltage 
2.0 
Vcc+0.5 
Vcc+0.5 
Vcc+0.5 
Vcc+0.5 
Vcc+0.5 
V 


VOL 
Output Low Voltage 
10=5 
mA 
0.4 
0.4 
0.4 
0.4 
0.4 
V 


VOH 
Output High Voltage 
10= -5 mA 
2.4 
V 


VREF 
Voltage at IREF 
Vee-3 
Vce 
Vcc 
Vcc 
Vcc 
Vcc 
V 
Input 


50 
66 
80 
110 
135 


All 
All 
MHz 
MHz 
MHz 
MHz 
MHz 
Symbol 
Parameter 
Conditions 
Mln 
Typ 
Max 
Max 
Max 
Max 
Max 
Units 


RES 
Resolution 
6 
bits 


ILE 
Integral Linearity Error 
Note A 
±0.5 
±0.5 
±0.5 
±0.5 
±0.5 
LSB 


COR 
DAC to DAC Correlation 
NoteS 
±2 
±2 
±2 
±2 
±2 
% 


FSE 
Full Scale Error 
NoteC 
±5 
±5 
±5 
±5 
±5 
% 


DVT 
Glitch Energy 
Notes D, E 
75 
pVsec 


10 
Output Current 
VO<l 
V 
18.6 
21 
21 
21 
21 
21 
mA 


VO 
Output Voltage 
10<2t 
mA 
0.7 
1.5 
1.5 
1.5 
1.5 
1.5 
V 


tOR 
Rise Time 
Notes D, E 
8 
6 
6 
5 
4 
(10%t090%) 
ns 


50 
66 
80 
110 
135 


All 
MHz 
MHz 
MHz 
MHz 
MHz 


Symbol 
Parameter 
COnditions 
Max 
Mln 
Mln 
Mln 
Mln 
Mln 
Units 


tCHCH 
PCLK 
Period 
('t) 
Normal 
10000 
20 
15 
12.5 
9 
7.4 
ns 


L\tCHCH 
PCLK 
Jitter 
tCHCH= 
't 
±2.5 
% 


tCLCH 
PCLKLowWidth 
Normal 
10000 
6 
5 
5 
4 
3.2 
ns 


tCHCL 
PCLK 
High Width 
Normal 
10000 
6 
5 
5 
4 
3.2 
ns 


tPVCH 
Pixel Word 
setup 
Time 
4 
3 
3 
3 
2.5 
ns 


tCHPX 
Pixel Word 
Hold Time 
4 
3 
3 
2 
2 
ns 


tBVCH 
BLANK 
Setup 
Time 
4 
3 
3 
3 
2.5 
ns 


tCHBX 
BLANK 
Hold Time 
4 
3 
3 
2 
2 
ns 


tCHAV 
PCLK to DAC Output 
Valid 
Note G 
30 
5 
5 
5 
5 
5 
ns 


L\tCHAV 
Differential 
Output 
Delay 
Note H 
2 
ns 


tcc 
Pixel Clock 
Transition 
Time 
50 
ns 


Video Timing Waveforms 
Diagram 


lCHCL 


c~ 
L 
BlANK-- 
BL.ANK~ 


C--- 
BLANK-- 
BLANKJ 


-A~ 
B 


DigitallnputiOutput 
Load 


1.4Vj 


2000HM 


110 
CL = SOpF INCLUDING 
T JIG CAPACITANCE 


3.0V 


AC < 
DRIVING 
LEVELS 


O.OV 


2.4 
AC 


MEASUREMENT 
0.8 
LEVEL 


Notes: 
I. lR.lF <3 ns (10% 10 90%). 
2. Inpulliming reference is al 1.5 V. 
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66/50 
80 
110 
135 


All 
MHz 
MHz 
MHz 
MHz 


Symbol 
Parameter 
Conditions 
Max 
Mln 
Mln 
Mln 
Mln 
Un"s 


twLWH 
WR Pulse Width Low 
50 
50 
50 
50 
ns 


tRLRH 
RD Pulse Width Low 
50 
50 
50 
50 
ns 


tSVWL 
Register select Setup Time 
WRITE Operations 
10 
10 
10 
10 
ns 


tSVRL 
Register Select Setup Time 
READ Operations 
10 
10 
10 
10 
ns 


twLSX 
Register Select Hold Time 
WRITE Operations 
10 
10 
10 
10 
ns 


tRLSX 
Register Select Hold Time 
READ Operations 
10 
10 
10 
10 
ns 


tOVWH 
Write Data Setup Time 
10 
10 
10 
10 
ns 


twHOX 
Write Data Hold Time 
10 
10 
10 
10 
ns 


tRLQX 
Output Turn-on Delay 
5 
5 
5 
5 
ns 


tRLQV 
Read Enable Access Time 
40 
ns 


tRHQX 
Output Hold Time 
5 
5 
5 
5 
ns 


tRHQZ 
Output Turn-off Delay 
Note I 
20 
ns 


twHWLl 
Successive 
Write Interval 
't= PCLK Period 
4't 
4't 
4't 
4't+ 5 
ns 


twHRL1 
Write Followed by Read 
't= PCLK Period 
4't 
4't 
4't 
4't+ 5 
ns 
Interval 


tRHRL1 
Successive 
Read Interval 
't= PCLK Period 


" 
4't 
4't 
4't 
4't+5 
ns 


tRHWLl 
Read Followed by Write 
't= PCLK Period 
4't 
4't 
4't 
4't+5 
ns 
Interval 
~ 


twHWL2 
Write After Color Write 
't= PCLK Period 
4't 
4't 
4't 
4't+ 5 
ns 


tWHRL2 
Read After Color Write 
't= PCLK Period 
4't 
4't 
4't 
4't+ 5 
ns 


tRHRL2 
Read After Color Read 
't= PCLK Period 
7't 
7't 
7't 
4't+5 
ns 


tRHWL2 
Write After Color Read 
't= PCLK Period 
7't 
7't 
7't 
4't+5 
ns 


Read After Read Address 


\ 


twHRL3 
Write 
't= PCLK Period 
7't 
7't 
7't 
4't+5 
ns 


Measuredfrom bestfit line throughDAC transfer 
curve. 
Measuredfrom the mid point of thedistribution of the 
threeDAC transfercurves. 


[ 
Vo-2.IXIREFXRLoad ] 
FSE= 
2.lxlREFxRLoad 
x 100% 


ZLoad= 37.5ohm + 30 pF, lREF = -8.88mA 
This parameteris sampledandnot 100%tested. 


Measuredfrom a 2% changein the DAC output 
voltage to within 2% of thefinal value. 
Measuredbetweenthe 50% point of therising edgeof 
PCLK andat the analogoutput halfway betweensuc- 
cessiveoutput values. 
Measuredbetweendifferent analogoutputson thesame 
device. 
Measuredat±200 mV from steadystateoutput values. 


NoteC: 


NoteD: 
NoteE: 


RD 


RSO \ 
/)(XXXX! 


RS1 \ 
Ixx 
X XX\ 


DO - 07 
ADDRESS 


\X X X X xl 


Ix X X X X\ 


\x X X X xl 
Ix X X X X\ 


yxxxx:C=:XX= 


f;xxxx:C=:XX= 
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WR -U" 


tWHWl~{ 
r 


tWHWl1 t 


tWHWl~{ 


{ 
tWHRl2 


RD 
I "L 


RSO \ 
/XXXXX/ 
\XXXXX/ 
\XXXXX/ 
YXXXX~ 


RS1 \ 
/XXXXX\ 
/XXXXX\ 
/XXXXX\ 
I\XXXX~ 


DO - 07 ---< 
ADDRESS 
) 
~ 
~ 
( 
BLUE >------<XX 


WR ~. 
tWHRL3 
tRHRL1 
t RHRLl 
tRHWl2}- 


"i 
f 
"i 
f 
"i 
f 
" 
RD 


RSO 7 
\XxxxX/ 
\XxxxX/ 
\XxxxX/ 
'<xxxx~ 


RS1 7 
\XXXXX\ 
/XXXXX\ 
/XxxxX\ 
;;XXXX~ 


DO - 07 
-( 
ADDRESS ) 
~ 
~ 
( 
BLUE >------<XX 


WR 
~ 
} 
~ WHR1.3 
t RHRL1 
t RHRL1 
t RHRL2 


RD 
~. 
"U U' au' "L 


7 
\XxxxX/ 
\XxxxX/ 
\XxxxX/ 
\'xxxxx=:xx= 


7 
\xXXXX\ 
/XXXXX\ 
/XXXXX\ 
;; X X X XX:::=XX= 


ADDRESS 
RED 
GREEN 
BLUE 


A.C. Waveforms for Color Value Read 


Followed by Pixel Address (Read Mode) Read 


tWHR1.3 


WR ==---=A--~-~ 
_ 


RD 


RSO XiJ 
'\XX X xy 
'<XXXXY 
'\XXXXY 
'\XXXXY 
'\XXXXXXXXXX 


RS1 XiJ 
'\XXXX\ 
,<Xxxn 
,<Xxxn 
,<XX X XY 
'\XXXXXXXXXX 


00- 07 
ADDRESS ) 
~ 
~ 
~ 
( 
ADDRESS+2 }-- 


WR \ 
f~'~l 


RD 
/ 


RSO \ 
/XXXXX\ 
/XXXXXXXXX 
• 


RS1 \ 
/XXXXX\ 
/XXXXXXXXX 


00- 07 --( 
ADDRESS) 
( 
ADDRESS 
) 


WR \ 
f~'Ul 


RD 
/ 


RSO 7 
\XXXXX/ 
\Xxxxxxxxx 


RS1 7 
\XXXXX/ 
\XXXXXXXXX 


00- 07 --( 
ADDRESS ) 
( ADDRESS.1 
) 
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t WHWL1 
r t WHRL1L 


WR 
\ 
f 
t- 
\ 


RD 


RSO XXXX\ 
!XXXXXX 
xxx: 
XXXX\ 
!XXXXXX 
xxx: 


RS1 XJ:iJJ 
\XXX XXX 
xxx: 
XJ:iJJ 
\xXXXXX 
xxx: 


RD \----~f 
t RHRl1 1~-- 


Speed 
Power 
Ordering Code 
Package 
Operation Range 
(MHz) 
Supply 


50 
±10% 
AT76C176A-SOPC 
28P6 
Commercial 


AT76C 176A 1-S0JC 
32J 
(O"C to 70·C) 


AT76C 176A2-S0JC 
44J 


AT76C176A-SOPI 
28P6 
Industrial 


AT76C176A1-S0JI 
32J 
(-40·C to 8S·C) 


AT76C176A2-S0JI 
44J 


50 
±SOlo 
AT76C176A-SODMB 
28D6 
Military 


AT76C176A-SOLMB 
32L 
(-SS·C to 12S·C) 


66 
±10% 
AT76C 176A-66PC 
28P6 
Commercial 


AT76C 176A 1-66JC 
32J 
(O"C to 70·C) 


AT76C176A2-66JC 
44J 


AT76C176A-66PI 
28P6 
Industrial 


AT76C176A1-66J1 
32J 
(-40·C to 8S·C) 


AT76C176A2-66J1 
44J 


66 
±SOlo 
AT76C176A-66DMB 
28D6 
Military 


AT76C 176A-66LMB 
32L 
(-SS·C to 12S·C) 


80 
±10% 
AT76C 176A-80PC 
28P6 
Commercial 


AT76C 176A 1-80JC 
32J 
(O"C to 70·C) 


AT76C 176A2-80JC 
44J 


AT76C176A-80PI 
28P6 
Industrial 
AT76C176A1-80JI 
32J 
(-40·C to 8S·C) 
AT76C176A2-80JI 
44J 


110 
±SOlo 
AT76C176A-11 
PC 
28P6 
Commercial 


AT76C176A1-11JC 
32J 
(O"C to 70·C) 


AT76C176A2-11JC 
44J 
• 


Package Type 


2806 
28 Lead, 0.600· Wide, Non-Windowed, Ceramic Duallnline 
Package (Cerdip) 


32J 
32 Lead, Plastic J-Leaded Chip Carrier (PLCC) 


44J 
44 Lead, Plastic J-Leaded Chip Carrier (PLCC) 


32L 
32 Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC) 


28P6 
28 Lead, 0.600· Wide, Plastic Duallnline 
Package (PDIP) 
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AT76C10/E 


Interfacing 
the AT76C10/E 


to a Microcontroller 


Introduction 
The A176ClO/E 
is a programmable 
gain 
amplifier 
integrated 
with a programmable 
telephone 
line group delay equalizer 
on a 


single chip. Its serial interface enables it to 
be packaged 
in an economical 
and space- 
saving 16-pin DIP. The A176C1O/E is espe- 
cially suited for modems and data communi- 
cations equipment 
where it can compensate 
for line gain variations and group delay dis- 
tortions. In the E2PROM version of the chip, 
the A176ClOE, 
a particular 
gain or delay 
configuration 
can be stored in the device's 
nonvolatile 
memory 
and recalled 
later by 
the user. 


The programmable 
gain and group delay re- 
sponses are controlled 
and configured 
by a 


serial seven-bit configuration 
code. The pur- 
pose of this application 
note is to illustrate 
how this serial configuration 
can be accom- 
plished 
in a microcomputer 
environment, 


more 
specifically, 
utilizing 
a 
micro- 
controller (the Inte18031AH) 
to interface to 
the A176CI0/E. 
Such an interface enables 
the gain and delay responses 
to be changed 
or updated in real-time 
(for the A176C1O) 
as well as saved into the E2PROM (for the 
A176CI0E). 


As shown in Figure I, the Intel 8031 AH, an 
eight-bit latch, a transmission 
line receiver, 


and external memory form a complete 
and 
versatile system to generate control and data 
bits for the A176C1O/E. An RS-232C cable 
can connect this system to the serial port of 
a microcomputer 
(e.g. IBM PC) or TTY ter- 
minal. The serial pon transmits data to the 
microcontroller, 
which, under software con- 
trol, 
outputs 
them 
as 
serial 
bits 
to the 
AT76CI0/E 
for controlling 
the gain and 
delay outputs as desired by the user. As will 
be 
explained, 
an 
evaluation 
board 
im- 
plementing 
the system just described 
has 


been developed by Atrnel Corporation 
fol- 
lowing 
the guidelines 
in this application 
note. 


The Hardware 
The 8031AH 
has four eight-bit 
I/O ports: 
PO, PI, n, and P3. Ports PO and n, how- 
ever, are used for external memory address- 
ing when external memory is present (as is 
the case here) and are thus unavailable 
as 
general-purpose 
I/O ports. This leaves all of 
the eight bits of port PI and five bits of port 
P3 available 
for I/O. Pl.O, Pl.l, 
and Pl.2, 
are used to produce respectively, 
via soft- 
ware instructions, 
the signals CS, WE, and 
DIN necessary to program the A176C 1O/E. 


The eight-bit latch acts as the low-order ad- 
dress latch/data 
buffer for the signals be- 
tween the POI/O port of the microcontroller 
and the external memory. The line receiver 
enables the microcontroller 
to receive data 
signals from the microcomputer 
or TTY ter- 
minal via the RS-232C link. 


External 
memory 
consists 
of 
the 
AT27C256R 
EPROM, 
which 
houses 
the 
system software. This fmnware 
directs the 
microcontroller 
to send out the necessary 
timing 
and data signals 
to configure 
the 
AT76CI0/E. 
If additions or changes need to 
be 
made 
to 
the 
firmware 
code 
the 
AT27C256R can be easily erased via ultra- 
violet (UV) light and reprogrammed. 


The Software 
The software programs the 8031 AH to gen- 
erate the correct timing waveforms 
and to 
strobe 
desired 
data 
bit patterns 
into 
the 
A176CI0/E. 
This is achieved as illustrated 
by the programming 
flowchart in Figure 2. 


First the serial port data register and timer 1 
need to be initialized with proper values de- 
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8031AH 
8282 
AT27C256 


3' 
EANP 
PO.O 
39 
10 
00 
1. 
10 
AO 
00 


PO.1 
38 
11 
01 
18 
• 
A1 
0' 
1. 
Xl 
PO.2 
37 
12 
02 
17 
8 
A2 
02 


PO.3 
36 
13 
03 
16 
7 
A3 
03 
11.059 
DX2 
'8 
PO.4 
35 
14 
04 
15 
6 
A4 
04 


MHZ 
X2 
PO.5 
34 
15 
05 
14 
5 
AS 
05 
PO.6 
33 
16 
06 
'3 
4 
A6 
06 
PO.7 
32 
17 
07 
'2 
3 
A7 
07 


RESET 
25 
A8 
P2.0 
21 
OE 
24 
A. 
P2.1 
22 
STB 
21 
Al0 
NC 
12 
INTO 
P2.2 
23 
23 
A11 
NC 
13 
INTl 
P2.3 
24 
U2 
2 
A12 
NC 
14 
TO 
P2.4 
25 
26 
A13 
NC 
15 
T1 
P2.5 
26 
27 
A14 
P2.6 
27 
1 
P1.0 
P2.7 
28 
NC 
2 
P1.1 
3 
P'.2 
AD 
17 
NC 
NC 
4 
P1.3 
ViR 
16 
NC 
NC 
5 
P1.4 
PSEN 
29 


NC 
6 
P1.5 
ALE/If 
30 


NC 
7 
P1.6 
TXD 
11 


CONTROL 
AND 
NC 
8 
P1.7 
RXD 
10 
DATA 
SIGNALS 
TO THE AT76C10/E 
U1 


LINE 
RECEIVER 
1489 
rt 
EOU 


CS 
USA 


WE 


DIN 


ANALOG 
+ 
INPUT 
V2 
(EIN) 


VSS 
·5V 
U 


VCC 
+5V 
VOO 
LU 


.5V 


AT76C101E 


VDD 
AIN 


10 
EOUT 
CKSE 


11 
AGND 
AOUT 


12 
EIN 
RE 


13 
DGNDCKOUT 


14 
CS 
XTALI 


15 
WE 
XTALO 


'6 
DIN 
VSS 


U6 


ANALOG 
INPUT 


- 
(AIN) 


The Software (Continued) 
pending on desired transmission 
parameters 
and baud rate. A 
9600-baud data transmission 
rate has been used in this applica- 


tion. As soon as the accumulator receives 
a character 
from the 
keyboard the data is sent out bit-by-bit (LSB frrst) as data bits 
through 
the carry 
flag to the serial 
data input pin of the 
AT76CIO/E. 
Appropriate 
delays and specific bit-manipulating 
instructions then control and synchronize 
the transitions of CS 
and WE with the data bits so that the writing waveforms 
con- 
form to timing specifications 
defined in the device data sheet. 


Seven rising edges of WE strobe in a complete data word in a 
single write cycle. 


The complete programming 
code is given in Figure 3.lt directly 
implements the flowchart in Figure 2. 


Using The AT76C10/E Evaluation Board 
As previously 
mentiooed. 
an evaluation 
board integrating 
the 


hardware and software subsystems 
covered in this application 


note is available from Atrnel Corporation. 
This board includes 
a 5.25" disk (IBM-PC 
format) with gain/delay 
programming 


menus and is designed to enable the user to quickly and easily 
evaluate the functionality 
and performance 
of the AT76ClO/E 


through a standard serial interface to an IBM PC or compatible 
computer. Through the board one can cycle through all the in- 
dividual gain/delay steps in each of the two amplifiers and the 
group delay equalizer. 


ROTATE 
THE LSB BIT 
OF THE ACCUMULATOR 


INTO THE CARRY 
FLAG 
(C) 


COMPLEMENT 
OUTPUT 


BITP,.' 
(wt) 


MOVE 
THE CARRY 
FLAG 
BIT TO OUTPUT 
BIT 
P1.2 (DATA 
BIT) 


COMPLEMENT 
OUTPUT 


BIT P1.0(Cs) • 


;* 
* 
;* 
Written 
by: Ta Wei 
(David) Lee 
* 
;* 
(C) 1988 
ATMEL 
Corporation 
* 
;*************************************************************** 
8031 control 
program 
for programming 
the AT76C10/E 


Constant 
ST 
RST 
DONE 
UARTMODE 
TMODLOAD 
PCON 
RELOAD 
DATADLY 
CSBHDLY 
CSBIDLE 
WEBIDLE 


Definitions: 
EQU 
OFFH 
EQU 
OOH 
EQU 
14 
EQU 
01010000B 
EQU 
00100001B 
EQU 
87H 
EQU 
-3 
EQU 
3H 
EQU 
4H 
EQU 
2 
EQU 
1 


; Start 
of the program: 
START: 
ORG 
OOH 
LJMP 
BEGIN 


; Initialize 
the 
BEGIN: 
ORG 
MOV 
MOV 
MOV 


serial port data 
100H 
P3,IST 
PCON,IRST 
SCON,IUARTMODE 


Initialize 
timer 
(TO is used 
as a 
MOV 
MOV 
SETB 


14 edges 
(falling and rising) 
for WEB 


Set UART for: start, 
8 data bits, 
stop 


Initialization 
word 
for the TMOD 
register 
Power Control 
Register 
Reload 
rate for 9600 baud 
Delay 
for a valid 
data bit 
Delay 
for CSB hold time 
Delay before 
starting 
another 
CSB cycle 


Delay before 
starting 
another 
WEB cycle 


register 
for 8-bit UART mode: 
Start 
of the code 
Set the entire 
P3 I/O register 
No double baud 
rate wanted 
Initialize 
the register 


1 for an auto-reload 
rate of 32x9600 
Hz. 
cascaded 
16-bit counter.) 
TMOD,ITMODLOAD 
Initialize 
the TMOD 
register 
TH1,IRELOAD 
; Load the reload 
rate 
TR1 
; Turn Timer 
1 ON 


a 
character 
JNB 
CLR 
MOV 


(byte) 
RI,$ 
RI 
A,SBUF 


the programming 
sequence: 


cycle: 
MOV 
MOV 
CPL 
AJMP 
MOV 
NOP 
DJNZ 
RRC 


R1,IRST 
P1,IST 
PLO 
CONTINUE 
R2,IWEBIDLE 


MOV 
Pl.2,C 
CPL 
Pl.1 
INC 
R1 


Reset 
the WEB counter 
Set all bits of output 
port 
1 


Toggle CSB 
low 


Rotate 
the LSB bit of the accumulator 


into the carry 
flag 
Output 
one data bit 
Toggle WEB 
Increment 
the WEB counter 


Add delay 
for a data bit to stabilize: 
MOV 
RO,IDATADLY 
Load the delay 
into the counter 


DJNZ 
RO,$ 
If not done yet, wait 
some more ... 


Continue 
the data 
CPL 
INC 
CJNE 


bit 
strobe cycle: 
Pl.1 
R1 
R1,IDONE,MORE 


Add 
delay 
for the CSB hold time: 
MOV 
RO,ICSBHDLY 
DJNZ 
RO, $ 


Toggle WEB 
Increment 
the WEB 
counter 
Have 
7 data bits been 
strobed 
in ? 


Load the delay 
for TCH 
Delay 
finished 
? 


How the AT76C120 Works 
The AT76C 120 simultaneously 
samples and 
holds both analog inputs, ADINI 
(Channel- 
l) 
and 
ADIN2 
(Channel-2), 
once 
every 
CONV 
period. 
The AT76C120 
then per- 
forms an AID conversion 
of both samples 
and returns the two resulting 16-bit or 18-bit 
2's complement 
codes at the serial data out- 
put pin DOUT during the following CONV 
clock period. 


selecting Which Channel's 
Data Comes Out First 
Channel-l 
output data will be returned rust, 
during CONV "low" 
(and Channel-2 
data 
will 
be 
returned 
second, 
during 
CONY 
"high") 
when a logic ''}'' 
is present at the 
input SELL Conversely, 
a logic "0" at the 
input SELl will cause Channel-2 
data to be 
returned 
rust, 
during 
CONV 
"low" 
(and 
CHANNEL-l 
data to be returned 
second, 
during CONV "high"). 


Required Clocking for the 
AT76C120 
The A176CI20 
requires two clocks, SCLK 
and CONV, for proper operation: 


• 
SCLK is the system clock and can have a 
maximum 
frequency 
of 6.144 MHz. It 
takes 64 SCLK cycles for the A176C120 
to perform one AID conversion, 
and 64 
more SCLK cycles for the digital data to 
be output (while a new sample is being 
convened). 


• 
CONV is the conven 
clock, and its pe- 
riod corresponds 
to one AID conversion. 
It should equal 64 SCLK cycles. 
Nor- 
mally, 
CONV 
is derived 
from SCLK 
using a negative-edge 
triggered 
divide- 
by-64 
counter, 
and 
both 
SCLK 
and 
CONV run continuously. 
In this mode, 
the A176C120 
will be sampling contin- 
uously 
at frequencies 
up to 96 kHz. 
Since CONV initiates conversions, 
how- 
ever, it is possible to use CONV as a trig- 
ger for one-shot sampling. 


Using the AT76C120 AID 
Converter in One-5hot Mode 
The A176C120 
can be used in a single-shot 
mode for acquiring data. To get one sample 
from each of the two channels, you need one 
conversion cycle to sample and conven the 
ADINI and ADIN2 inputs, and another con- 
version cycle to clock out both Channel 
I 
and Channel 2 digital codes. A total of two 
CONY periods and 128 SCLK cycles are re- 
quired. 


To use the A176C120 
in single-channel 
sin- 
gle-shot 
mode, 
you need one conversion 
cycle to sample and conven 
the ADINI 
or 
ADIN2 
inputs, 
and another 
half cycle 
to 
clock out the Channell 
or Channel 2 digital 
code. 
Only 
1.5 CONV 
periods, 
and 
96 
SCLK periods are required. 


One-shot 
sampling can be implemented 
by 
holding CONV low until a sample is desired. 
Note that while waiting to sample, SCLK 
can be either running or stopped. When a 
sample is desired, both SCLK and CONV 
are brought 
high, initiating 
a sample-and- 
hold of the analog inputs. SCLK should be 
clocked 32 times, at which point CONV is 
brought low. SCLK should then be clocked 
32 more times, completing the first conver- 
sion cycle. CONV should then be brought 
high, and SCLK should be clocked 32 times, 
shifting out the first channel's 
digital code. 
For single-channel 
sampling, this would be 
the end and CONV 
should once again be 
brought low until a new sample is desired, 
and the process is repeated. For dual-chan- 
nel sampling, CONY should be brought low, 
and SCLK should be clocked 32 more times, 
shifting 
out the second 
channel's 
digital 
code, and completing the second conversion 
cycle. CONV should be held low until a new 
sample is desired, at which time the process 
repeats. 
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Analog Interface 
Due to the high sampling rate of the AT76C120, 
liuIe if any 
anti-alias fLItering is required for most industrial applications. 
For high performance 
Digital 
Audio 
applications, 
external 


Anti-Alias Lowpass or Bandpass Filters, shown as AAFs in the 
Sample Connection Diagram (Figure I), should be used to elim- 
inate signals outside the desired passband. Low noise op amps 
with low output impedance 
such as the 0P27 
should also be 
used to supply the analog inputs. 


Digital Interface 
The AT76C 120 uses a single multiplexed serial data output pin, 
OOUT. CH-I and CH-2 data bits are synchronized 
with SCLK, 
and are available during either the "high" or the "low" period of 
CONY. CONY, if equal to SCLK divided by 64, makes a tran- 
sition from "high" to "low" or vice versa after the LSB is shifted 
out of OOUT. This allows the serial data to be latched easily 
into most popular 0/ A converters or digital signal processors by 
using CONY rising or falling edges. For applications 
with an 


8-bit, 16-bit, or 32-bit host microprocessor, 
16- or 18-bit wide 


parallel data may be desired, and serial-to-parallel 
conversion 


will be needed. In such cases, SCLK can be used to shift in the 
serial data from OOUT, and CONY can be used as a latch to 
output the parallel data. 


More on Converting the Output Data from 
Serial to Parallel 
It may be desirable 
to convert the AT76C120's 
serial data to 


parallel data. This may be achieved using 18 shift registers and 
18 output latches, or several serial-to-parallel 
converters. Addi- 


tionally, there may be a need to provide control signals to inter- 
face the parallel data with a microcontroller. 


An easy way to integrate the entire serial-te-parallel 
conver- 


sion, complete with control signals for interface, 
is to use an 


Atrnel 
ATV2S00H 
Erasable 
Programmable 
Logic 
Device 


(EPLD). This device has the necessary 
I/O pins, logic terms, 
and 
registers 
to 
easily 
and 
conveniently 
interface 
the 
AT76C120 with most microcontrollers 
and DSP devices. 


The ATV2S00H is capable of latching in all 16/18 data bits that 
have been output serially from the AT76C120. 
All 16/18 bits 


can be presented in parallel on ATV2S00H' s output pins. Addi- 
tionally, the ATV2S00H can transfer this same data in eight-bit 
bytes, complete with handshaking, 
to a host device. 


Power Supply Decoupling and Grounding 
To 
obtain 
the 
highest 
performance 
possible 
with 
the 


AT76C120, 
critical 
signal 
paths, 
power 
supply 
lines, 
and 


ground planes on the circuit board should be laid out carefully 
to minimize 
noise coupling 
or aliasing 
into sensitive 
analog 


paths. As illustrated in the diagram showing a Sample Connec- 


tion for Typical Applications 
(Figure I), a separate AVCC line 


decoupled to AGND with a tantalum capacitor in parallel with 
a smaller ceramic chip capacitor should be used for the analog 
circuits on the AT76C120. 
Similarly, a separate analog ground 


return, AGND, which is connected to the most quiet point in the 
system ground plane, should be used. 


For best results, four layer PC boards with separate ground and 
power 
supply planes 
are recommended. 
The AGND 
plane 


should be laid out as an island or tub underneath pins I to 6 and 
pins 19 to 24. 


High frequency 
noise on the power and ground lines can be 


aliased 
into 
the passband 
by 
the 
sampling 
action 
of the 


AT76C120. 
If a switching power supply has to be used, both 


AVCC and AGND need to be isolated from the system supplies 
with inductors of appropriate values. 


Evaluating the ATI6C120 with the Atmel 
ATI6C120 Demonstration Board 
The AT76C120 dual-channel 
16/18-bit AID converter may be 


evaluated 
using the Atrnel AT76C120 
evaluation 
board (see 


Figure 2). This board can perform analog input signal condi- 
tioning, timing waveform generation, and serial-to-parallel 
data 
conversion. Evaluation requires a low-ripple, low-noise power 
supply, a low-distortion 
signal source, a clock source, and a dig- 


ital signal processor. 


The AT76CI20 
evaluation 
board requires a +IS-volt 
and -IS- 


volt analog power supply, and a +S-volt digital power supply. 
Voltage reference 
circuitry 
has already been included on the 


board. The user may build filters and buffers for the analog in- 
puts in the analog patch area provided. The required clocking 
for the system may be generated using the SCLK BNC, or by 
inserting a clock oscillator 
in the socket provided. 
An Atrnel 


ATV7S0 EPLD programmed 
as a divide-by-64 
counter gener- 


ates the convert clock CONY. An Atrnel ATV2S00 EPLD pro- 
grammed as a serial-to-parallel 
converter places the 18-bit dig- 


ital output codes from the AT76CI20 
at the pins of a 2S-by-2 


header. Because the ATV2S00 is programmable, 
the digital in- 


terface may be modified by the user to meet specific interfacing 
needs, including 
the ability to program 
in control and hand- 
shake signals to facilitate data transfer to a host processor. 


Dynamic evaluation of the AT76C 120 is one application for the 
AT76C120 evaluation board. After building the appropriate fil- 
ters in the analog patch areas, a spectrally pure sinusoid may be 
applied to the analog inputs of the AT76C120. 
Consecutive 


data samples may be collected as they appear at the header, and 
FFT may be performed 
to produce spectral information on the 


converter, 
such 
as 
signal-to-noise 
and 
signal-te-distortion 


ratios. 
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The Aunel family of six-bit video color pal- 
ette (color look-up table) devices include the 
ATI6C176A 
(28-pin), 
the ATI6C176AI 


(32-pin), 
and the ATI6C176A2 
(44-pin). 
They 
are 
designed 
for 
the 
ffiM 
VGA 


8514/A, XGA graphics 
standards 
and be- 
yond. The VGA 
standard 
is already 
well 


supported by the software industry, but there 
are significant 
applications 
developing 
be- 


yond standard VGA requiring higher resolu- 
tions. 
The 
Aunel 
devices 
can 
meet 
this 
emerging 
need. This application 
note will 


explore 
features 
of this family's 
members 
which can be fully utilized by graphics hard- 
ware designers 
and systems 
designers 
for 
implementing 
high-performance 
graphics 
solutions. It will also examine some design- 
related 
issues 
concerning 
such 
im- 
plementations. 


SPEED: 
The 
ATI6C176NAI/A2 
are 
available in these different speeds: 50 MHz, 
66 MHz, 80 MHz, 110 MHz and 135 MHz. 
The speed refers to the maximum pixel clock 
frequency at which the device can be driven. 
Basically, 
the 
higher 
this 
frequency 
the 
greater the number of pixels that can be dis- 
played on a CRT (cathode-ray 
tube) screen 


for bit-mapped graphics. 


The equation used to calculate the color pal- 
ette pixel clock rate required for a particular 
range of display resolution is as follows: 


PCLK = 1.35 (HORIZONTAL RESOLUTION X 


VERTICAL RESOLUTION 
X VERTICAL SCAN 
RATE) 


The horizontal 
resolution 
means 
the hori- 
zontal number of pixels and the vertical res- 
olution means the vertical number of pixels. 
The vertical scan rate term refers to the ver- 
tical video scanning frequency of CRT mon- 
itors, which can vary between 43 Hz and 72 
Hz but is typically 60 Hz, while the 35% fac- 
tor refers to the portion of each frame time 
taken up by the horizontal 
and vertical re- 
trace. For interlaced 
displays 
the vertical 
scanning rate becomes 43 Hz instead of 60 
Hz. This means the screen image would be 
refreshed 43 times a second. 


For example, if a non-interlaced 
resolution 
of 1024 x 768 refreshed at 60 Hz is desired, 
the required pixel clock rate would be: 


PCLK = 1.35 (1024 x 768 x 60) 
= 63.7 MHz 


To appreciate 
the magnitude 
of these fre- 
quencies, one must look at the graphical ap- 
plications which these devices are capable of 
displaying. 
Standard VGA specifies resolu- 
tion modes such as 320 x 200 pixels with 
256 possible simultaneous 
colors and 640 x 


480 pixels with 16 colors, whereas presently 
available Super-VGA 
(and VESA or Video 
Electronics 
Standards Association) 
specifi- 


cations call for a standard resolution of 800 
x 600 in 16 or 256 simultaneous 
colors. 
These colors are normally available from a 
total palette of 262,144 colors. 


SO MHz: 
At this speed the color look-up 
table device can drive RGB monitors up to a 
maximum of 1024 x 768 pixels, 256 colors, 
in interlaced mode. At the time of this writ- 
ing this is the typical maximum 
resolution 
displayable 
by some 
of the best 
selling 
Super-VGA 
and multisync-type 
monitors. 
At this device speed virtually all the require- 
ments called for by the VGA and Super- 
VGA specifications 
can be met. 


66 MHz: At this frequency the color palette 
can drive display monitors up to 1024 x 768 
pixels, 256 colors, in non-interlaced 
mode. 
A non-interlaced 
monitor costs more than an 


interlaced monitor capable of the same reso- 
lution, but it can be more pleasing to the eye, 
since the screen "flicker" 
associated 
with 


interlaced 
monitors 
is 
eliminated. 
The 


"flashing" phenomenon present in interlaced 
monitors is due to the fact that only alternate 
scan lines are updated during every frame 
(vertical 
refresh), 
rather than every single 


scan line. 


80 MHz: 
At this speed the top displayable 
resolution 
reaches 
1024 x 960 pixels, 256 


colors, in non-interlaced 
mode with a 6O-Hz 
refresh rate, virtually approaching 
worksta- 
tion-quality graphics. This speed is also suit- 


110 MHz 
Monolithic 
CMOS 
Hi-Res Video 
Color Palette 
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able for driving 
1024 x 768 non-interlaced 
monitors 
with a 
higher refresh rate of 72 Hz. At 72 Hz, screen flicker will not be 
detected even under fluorescent lighting conditions, which typ- 
ically induce flicker perceptions. 
Mainstream 
personal com- 
puter software can be written to take advantage 
of these high 
resolutions 
with a resulting 
hardware 
/ software 
cost-perfor- 
mance ratio several times less expensive than similar worksta- 
tion solutions. 


110 MHz: At this speed an eye-pleasing 
top resolution of 1280 


x 1024 pixels (non-interlaced 
mode) can be achieved, with tbe 
device still capable of simultaneously 
displaying 256 different 


colors on-screen. 
This type of resolution, 
which even exceeds 


some workstation-level 
monitors, would be ideal for applica- 


tions such as CAD drawings, computer modeling, scanned im- 
ages, video animation, and imaging, with resulting photo-real- 
istic images and shaded renderings. 
As a quick comparison, 
at 
1280 x 1024 there are 1,310,720 
pixels of information 
on- 


screen compared 
to 307,200 pixels at the normal 640 x 480 


VGA resolution, which is a factor of four greater! With the rap- 
idly emerging 
software 
markets 
of windows-based 
graphical 
user environments 
and multimedia 
applications 
for personal 


computers, 
the Atrnel color palette devices providing 
such a 
high resolution 
would bring unprecedented 
workstation-grade 


graphics performance 
to personal computer users at an afford- 
able cost. 


135 MHz: 
Finally, this is the top speed available and is used 
for 1280 x 1024 pixels (non-interlaced 
mode) with a refresh rate 
of 72 Hz. The combination 
of such high on-screen resolution 


with a high speed refresh rate provides a superior level of per- 
formance under the harshest conditions. 


POWER 
SAVINGS: 
In the PLCC and LCC versions of the 
AT76C 176A family there is a power-down 
mode, an especially 
useful feature in laptop and notebook 
computers. 
When acti- 


vated by software, this mode turns off the video DACs and the 
internal clock circuitry of the device, causing total device cur- 
rent consumption 
to be dramatically 
reduced from its normal 
operating value. The power-down 
mode will afford a battery- 
operated system a much longer per-charge 
life, since current 


consumption 
can drop to as low as 100 IJA, compared to 150 
mA or more in active mode. 
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MILITARY 
APPLICATIONS: 
All 
the 
members 
of the 


AT76C 176A family are processed up to full military specifica- 
tions. This leads to consistent high reliability and quality. It also 
means that many previously 
expensive, 
proprietary 
military 


graphics subsystem designs can be easily upgraded to a cost-ef- 
fective graphics solution supported by a wide array of standard 
off-the-shelf software written for the VGA standard. For exam- 
ple, military situational and awareness displays can be directly 
driven by Atrnel color palette devices. The use of colors can 
dramatically add more meaningful information to the operators 
and users of visual equipment in the areas of avionics, logistics, 
radar and sonar systems, satellite communication, 
tactical war- 
fare, and many others. Even if only a single primary color is 
used (e.g. GREEN) different shading levels could relay different 
objects very effectively. 


RANGE 
OF COLORS: 
As discussed in tbe speed section, 


the Atrnel color palette devices can simultaneously 
display a 
maximum 
of 256 distinct 
colors on-screen 
throughout 
their 
speed range. This means eight bits are allowed to define the 
color of each pixel. These 256 colors are available at any time 
from a total group of 262,144 colors. The specific set of 256 
colors shown at any given instant can be easily changed through 
software. For most personal computer-based 
applications 
soft- 
ware, the availability of eight bits per pixel and 262,144 colors 
to choose from is more than adequate. 


PACKAGING: 
The AT76C176Al 
and the AT76C176A2 


are the 32-pin and 44-pin PLCC versions of the AT76C176A, 
respectively. 
These packages are specially suited for the latest 
surface-mounted 
PCB manufacturing 
techniques 
and can sig- 
nificantly decrease the amount of real estate space required to 
implement 
an efficient graphics 
solution. 
Furthermore, 
these 
PLCC packages, with very short pins, can minimize the induc- 
tance inherently present in integrated circuit device pins, lead- 
ing to sharper reproduction 
of colors with less distortion in an- 
alog displays. Other packaging such as LCC are also available. 


The next section highlights design issues relevant to system and 
graphics subsystem designers. Also shown is a sample connec- 
tion for the Atrnel color palette in a typical design. 


PCLK 


BLANK 


PDN (PLCC 
ONLY) 


RSO 
RS1 


WR 
RD 


System Implementation Considerations 


POWER 
SUPPLY 
DECOUPLING 
AND GROUNDING: 
To 
obtain 
the 
cleanest 
possible 
analog 
outputs 
from 
the 
AT76C 176A, digital noise coupling into the analog signal paths 
needs to be minimized. 
The video data paths, power supply 
lines and ground planes on the circuit board should be laid out 
carefully 
to reduce noise coupling. 
As illustrated 
in Figure I 
showing a sample connection for typical application, a separate 
VAA line decoupled to AGND with an electrolytic capacitor in 
parallel with a smaller ceramic chip capacitor should be used 
for the analog circuits on the AT76C176A. Similarly, a separate 
analog ground return, AGND, which is connected to the lowest 
impedance point in the system ground plane, should be used. 


LA YOUT: 
For best results, four layer PC boards with sepa- 
rate ground and power supply planes are recommended. 
The 
AGND plane should be laid out as an island or tub underneath 
the AT76C176A. 
All video frequency 
signal traces should be 
kept as short as possible to minimize radiation and all decou- 
piing capacitors 
should be placed as close to the AT76C176A 
as the layout rules permit. 


Noise and transients on the power and ground lines can be cou- 
pled or a1iased into the video circuits by the switching action of 
the AT76C 176A. For applications at 66 MHz and above, it may 
be necessary to isolate both VAA and AGND from the system 
supplies with inductors of appropriate values. 


CURRENT 
REFERENCE: 
The IREF pin in the Aunel de- 
vices determines 
the maximum 
full scale output of the video 
DACs and is designed to source current with reference to the • 
positive supply rail. The required current to produce a O.7-volt 
DAC full-scale output level into a doubly-terminated 
75-ohm 
load, as specified in the data sheet, is -8.88 mA. In order to gen- 
erate this current reference two approaches are suggested here: 
a current-source 
design and a voltage-reference 
design. 


As shown 
in Figure 
2, the first approach 
is based 
on the 
LM334Z 
adjustable 
current source device. In this design the 
LM334Z is operated in its zero temperature 
coefficient 
mode, 
resistor RSET determines the reference current drawn from the 
color palette, and resistor R 1 and the silicon diode provide com- 
pensation 
against temperature 
variations. 
Decoupling 
capaci- 
tors CI and C2 are recommended 
for avoiding changes in the 
current 
reference 
due to possible 
VCC or VAA variations 
within the operating frequency 
bandwidth. 
RSET should be a 
precision resistor, preferably with a 1% tolerance. 


Figure 3 illustrates the voltage-reference 
approach. The use of 
a TL431 C precision voltage regulator or an equivalent device is 
recommended. 
In this design the TL431C acts as a shuntregu- 
lator to provide a constant current sink. RSET again determines 
the amount of current drawn from the Aunel part and should be 
a precision resistor, while Rllimits 
the current flowing into the 
cathode terminal of the TL43IC. 


VIDEO 
INTERFACE: 
The RED, GREEN 
and BLUE video 
oulputs 
are designed 
to drive doubly 
terminated 
75-ohm 
lines. 
To minimize 
ringing 
due to impedance 
mismatch, 
75-ohm ±I % 


thin film resistors 
should be placed close to the AT76C176A 
on 


the PC board. 


To comply 
with FCC RF emission 
regulations, 
ferrite beads can 


be inserted 
at the video oulputs 
to limit the amount 
of high fre- 


quency 
emission. 
The AT76C176A 
is designed 
to produce 
very 


little high frequency 
digital 
feedthrough. 


SYSTEM 
TIMING: 
The pixel 
clock, 
PCLK, 
controls 
the 


timing of the color palette 
and the video DACs. Due to the high 
pixel frequency 
capabilities 
of the Atmel family of color palette 
devices, 
the pixel clock 
requirements 
as described 
in the data 


sheet should be carefully 
met. Setup and hold time requirements 


vcce,he, 


47uF 
O.luF 


RSET 


15 


with respect 
to PCLK and duty cycle limits for PCLK should be 


strictly adhered 
to. For example, 
if the setup or hold times of the 


pixel inputs are violated, 
certain 
groups 
of pixels on the screen 


might display 
wrong colors 
and cause the appearance 
of an in- 


complete 
picture. 


DIGITAL 
INTERFACE: 
When 
the high impedance 
digital 


inputs of the CMOS 
AT76C176A 
are driven by low impedance 


sources, 
considerable 
ringing 
can occur, 
which 
may degrade 


high video rate operation. 
Impedance 
matching 
resistors 
of the 


order 
of 50 ohms can be inserted 
in series at the inputs 
to the 


Pixel Address 
and Blanking 
inputs to reduce 
ringing. 
This also 


minimizes 
the amount 
of high frequency 
emission 
due to exces- 


sively high slew rates at the video data inputs. 


Cl 
47uF 
C2 
O.luF 


TOIREF 


PIN 


RSET 


300 
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Features 


• Compatible with MCS-51(1)Products 


• 4K Bytes of In·Clrcult Re-Programmable Flash Memory 


Endurance: 1000 Write/Erase Cycles 


Data Retention: 10 Years 


• Wide Operating Voltage Range: Vcc = 2.7V to 6V 


• Fully Static Operation: 0 Hz to 16 MHz 


• 3-Level Program Memory Lock 


• 128 x 8-Blt Internal RAM 


• 32 Programmable I/O LInes 


• Two 16-Blt Timer/Counters 


• 5 Interrupt Sources 


• Programmable Serial Channel 


• Low Power Idle and Power Down Modes 


Description 


The AT89C5l is a low-power, high-perfonnance CMOS 8-bit microcomputer with 
4K Bytes ofF lash Programmable and Erasable Read Only Memory (pER OM). The 
device is manufactured using Atmel's high density nonvolatile memory technology 
and is compatible with the industry standard 8OC5l instruction set and pinout. The 
on-dpip PEROM allows the program memory to be reprogrammed in-circuit or by 
a conventional nonvolatile memory programmer. 
By combining a versatile 8-bit 


CPU with PEROM on a monolithic chip, the Atmel AT89C5l 
is a powerful 


microcomputer which provides a highly flexible and cost effective solution to many 
embedded control applications. 


The AT89C5l provides the following standard features: 4K Bytes of PEROM, 128 
bytes of RAM, 32 I/O lines, two l6-bit timer/counters, a five source two-level 
interrupt architecture, a full duplex serial port, on-chip oscillator and clock circuitry. 
The AT89C5l supplies all the necessary timing and high-voltage functions required 
for programming the PER OM array, and no external support circuits are required. 
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PSEN 
ALEIPROG 


EA/Vpp 
RST 


TIMING 
AND 
CONTROl 


oy 


In addition, the AT89C51 supports two software selectable 
power saving modes. The Idle Mode stops the CPU while 
allowing the RAM, timer/counters, serial port and interrupt 
system to continue functioning. 
The Power Down Mode 


saves the RAM contents but freezes the oscillator disabling 
all other chip functions until the next hardware reset 


Pin Description 
vcc: Supply voltage 


Vss: 
Ground 


Port 0: Port 0 is an 8-bit open drain bidirectional VO port. 
As an output port each pin can sink 8 TTL inputs. When Is 
are written to port 0 pins, the pins can be used as high- 
impedance inputs. 


Port 0 is also the multiplexed low-order address data bus 
during accesses to external Program and Data Memory. In 
this application it uses strong internal pullups when emitting 
Is. 


Port 0 also receives 
the code bytes during 
PEROM 


programming, and outputs the code bytes during program 
verification. External pullups are required during program 
verification. 


Port 1: Port 1is an 8-bit bidirectional VO port with internal 
pullups. The Port 1 output buffers can sink/source 4 TTL 
inputs. When Is are written to Port 1 pins they are pulled 
high by the internal pullups and can be used as inputs. As 
inputs. Port 1pins that are externally being pulled low will 
source current (In) because of the internal pullups. 


Port 1 also receives the low-order address bytes during 
PEROM programming and program verification. 


Port 2: Port 2 is an 8-bit bidirectional VO port with internal 
pullups. The Port 2 output buffers can sink/source 4 TTL 
inputs. When Is are written to Port 2 pins they are pulled 
high by the internal pullups and can be used as inputs. As 
inputs, Port 2 pins that are externally being pulled low will 
source current (Iru because of the internal pullups. 


Port 2 emits the high-order address byte during fetches from 
external Program Memory and during accesses to external 
Data Memory that use 16-bit addresses (MOVX@DPTR). 
In this application 
it uses strong internal pullups when 


emitting Is. During accesses to external Data Memory that 
use 8-bitaddresses (MOVX@Ri),Port2emitsthecontents 
of the P2 Special Function Register. 


Port 2 also receives the high-order address bits and some 
control 
signals 
during 
PER OM programming 
and 


verification. 


Port 3: Port 3 is an 8-bit bidirectional VO port with internal 
pullups. The Port 3 output buffers can sink/source 4 TTL 
inputs. When Is are written to Port 3 pins they are pulled 
high by the internal pullups and can be used as inputs. As 
inputs, Port 3 pins that are externally being pulled low will 
source current (IrIJ because of the pullups. 


Port 3 also serves the functions of various special features 
of the AT89C51 as listed below: 


Port Pin 
Alternate Functions 


P3.0 
RXD (serial input port) 


P3.1 
TXD (serial output port) 


P3.2 
INTO (external interrupt 0) 


P3.3 
INn 
(external interrupt 1) 


P3.4 
TO (timer 0 external input) 


P3.5 
T1 (timer 1 external input) 


P3.6 
WR (external data memory write strobe) 


P3.7 
RD (external data memory read strobe) 


Port 3 also receives some control signals for PEROM 
programming and programming verification. 


RST: 
Reset Input. A high on this pin for two machine 


cycles while the oscillator is running resets the device. 


ALE'PROG: 
Address Latch Enable output pulse for 


latching the low byte of the address during accesses to 
external memory. This pin is also the program pulse input 
(pROG) during PEROM programming. 


In normal operation ALE is emitted at a constant rate of 1/ • 
6 the oscillator frequency, and may be used for external 
timing or clocking purposes. Note, however, that one ALE 
pulse is skipped during each access to external Data Memory. 


PSEN: Program Store Enable is the Read strobe to External 
Program Memory. 


When the AT89C51 isexecuting code from external Program 
Memory, PSEN is activated twice each machine cycle, 
except that two PSEN activations are skipped during each 
access to External Data Memory. 
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EAIVpp: External Access Enable. EA must be strapped to 
V55 in order to enable the device to fetch code from 
External Program Memory locations starting at OOOOH up 
to FFFFH. Note. however. that if either of the Lock Bits are 
programmed. EA will be internally latched on reset. 


EA should be strapped to Vcc for internal program 
executions. 


This pin also receives the 12Vprogramming enable voltage 
(Vpp) 
during 
PEROM 
programming, 
when 
12 V 


programming is selected. 


XTALl: 
Input to the inverting oscillator amplifier and 


input to the internal clock operating circuit. 


XTAL2: Output from the inverting oscillator amplifier. 


Figure 1. Oscillator Connections 


C2 


C1, C2 - 30 pF ± 10 pF for Crystals 


- 40 pF ± 10 pF for Ceramic 
Resonators 
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Oscillator Characteristics 


XTAL1and XTAL2 are the input and output. respectively. 
of an inverting amplifier which can be configured for use as 
an on-chip oscillator. as shown in Figure 1. Either a quartz 
crystal or ceramic resonator may be used. 


To drive the device from an external clock source, XTAL1 
should be grounded while XTAL2 is driven as shown in 
Figure 2. There are no requirements on the duty cycle ofthe 
external clock signal. since the input tothe internal clocking 
circuitry is through adivide-by-two flip-flop, but minimum 
and maximum voltage high and low time specifications 
must be observed. 


EXTERNAL 
OSCILLATOR 
SIGNAL 


In Idle Mode, the CPU puts itself to sleep while all the on- 
chip peripherals remain active. 
The mode is invoked by 


software. 
The content of the on-chip RAM and all the 
Special Functions Registers remain unchanged during this 
mode as shown in the table below. The Idle Mode can be 
terminated by any enabled interrupt or by a hardware reset 


It should be noted that when Idle is terminated by ahardware 
reset, the device normally resumes program execution, 
from where it left off, up to two machine cycles before the 
internal reset algorithm takes control. 
On-chip hardware 


inhibits access to internal RAM in this event, but access to 
the port pins is not inhibited. To eliminate the possibility of 
an unexpected write to a port pin when Idle is terminated by 
reset, the instruction following the one that invokes Idle 


should not be one that writes to a port pin or to external 
memory. 


In the Power Down mode the oscillator is stopped, and the 
instruction that invokes Power Down is the last instruction 
executed. Theon-chip RAM and Special FunctionRegisters 
retain their values until the Power Down mode is terminated. 


The only exit from Power Down is a hardware reset. Reset 
redefines the SFRs but does not change the on-chip RAM. 
The reset should not be activated before Vcc is restored to 
its normal operating level and must be held active long 
enough to allow the oscillator to restart and stabilize. 


-- 
Mode 
Program 
ALE 
PSEN 
PORTO 
PORT1 
PORT2 
PORT3 


Memory 


Idle 
Internal 
1 
1 
Data 
Data 
Data 
Data 


Idle 
External 
1 
1 
Float 
Data 
Address 
Data 


Power Down 
Internal 
0 
0 
Data 
Data 
Data 
Data 


Power Down 
External 
0 
0 
Float 
Data 
Data 
Data 


Program Memory Lock Bits 


On the chip are three Lock 
Bits which can be left 


unprogrammed (U) or can be programmed (P) to obtain the 
additional features listed in the table below: 


When Lock Bit 1 is programmed, the logic level at the EA 
pin is sampled and latched during reset. 
If the device is 


powered up without a reset, the latch initializes to a random 
value, and holds that value until reset is activated. 
It is 


necessary that the latched value ofEA be in agreement with 
the current logic level at that pin in order for the device to 
function properly. 
II 


Program 
Lock BUs 


LB1 
LB2 
LB3 
Protection 
Type 


1 
U 
U 
U 
No program lock features enabled. 


2 
P 
U 
U 
MOVe Instructions executed from external program memory are disabled from 
fetching code bytes from Internal memory, EA is sampled and latched on reset, 
and further programming of the PEROM is disabled. 


3 
P 
P 
U 
Same as mode 2, also verify is disabled. 


4 
P 
P 
P 
Same as mode 3, also external execution is disabled. 
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Programming the PEROM 


The AT89C51 is oonnally shipped with the on-chip PEROM 
code memory array in the erased state (Le. contents=FFh) 
and ready to be programmed. 
The programming interface 


accepts either a High-Voltage 
(12V) or a Low-Voltage 


(VcC> program 
enable 
signal. 
The 
Low 
Voltage 


programming mode provides a convenient way to program 
the AT89C51 inside the user's system. The High-Voltage 
programming mode is compatible with conventional third 
party PEROM or EPROM programmers. The AT89C51 is 
shipped with the High-Voltage programming mode selected. 


The AT89C51 code memory array is programmed byte-by- 
byte in either programming modes. 
Before the on-chip 


PEROM 
Code Memory 
is re-programmed, 
the entire 


memory array can be erased electrically, even in the user's 
application system.Atmel 
can supply parts with factory 


programmed user code in the memory array. 


Programming 
Algorithm: 
Before programming 
the 


AT89C51, the address. data and control signals should be 
set up according to the PEROM Programming Modes table 
and Figures 3 and 4. 
To program the AT89C51, the 


following sequence should be followed: 
1. Input the desired memory location on the address lines. 
2. Input the appropriate data byte on the data lines. 
3. Activate the correct combination of control signals. 


4. Raise EA/Vpp to 12VifintheHigh- Voltage programming 


mode. 


5. Pulse ALE/PROG once to program a byte in the PEROM 


array or the lock bits. The byte-write cycle is self-timed 
and takes no more than 0.5 ms.Repeat steps 1 through 
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5 changing the address and data for the entire array or 
until the end of the object file is reached. 


Selecting VPP: To program the Vpp select code, the ALE/ 
PROG pin needs to be held low for 10 ms. 


Data Polling: 
The AT89C51 features Data Polling to 


indicate the end of a write cycle. During a write cycle. an 
attempted read of the last byte written will result in the 
complement of the written data on PO.7. 
Once the write 


cycle has been completed. true data is valid on all outputs. 
and the next cycle may begin. Data Polling may begin any 
time after a write cycle has been initiated. 


Program 
Verify: 
Iflock bits LB 1 and LB2 have not been 


programmed, the programmed code data can be read back 
via the address and data lines for verification. The lock bits 
cannot be verified directly. Verification of the lock bits is 
achieved by observing that their features are enabled. 


Chip Erase: The entire PER OM array is erased electrically 
by using the proper combination of control signals and by 
holding ALE/PROG low for 10 ms. 
The code array is 


written with all "1"s in the Chip Erase operation and must 
be executed before the code memory can be re-programmed. 


Reading the Signature 
Bytes: 
The Signature bytes are 


read by the same procedure as a nonnal verification of 
locations 030H and 031H, except that P3.6 and P3.7 need to 
be pulled to a logic low. The values returned are: 


(030H) = lEH indicates manufactured by Atmel 


(031H) = 51H indicates 89C51 


Programming 
Interface 


Every code byte in the PEROM array can be written and the 
entire 
array can be erased 
by using the appropriate 
combination of control signals. The Write operation cycle 


is self-timed and once initiated. will automatically time 
itself to completion. 


MODE 
RST 
PSEN 
ALE! 
EAI 
P2.7 
P2.6 
P3.6 
P3.7 
-- 
PROG 
Vpp 


Write Code Data 
H 
L 
\.F 
H/12V 
L 
H 
H 
H 


(1) 


Read Code Data 
H 
L 
\.F 
H 
L 
L 
H 
H 


Write Vpp Select Code 
H 
L 
\.F 
12V 
L 
H 
L 
H 


(2) 


Write Lock Bit - 1 
H 
L 
\.F 
H/12V 
H 
H 
H 
H 


Bit - 2 
H 
L 
IJ 
H/12V 
H 
H 
L 
L 


Bit - 3 
H 
L 
IJ 
H/12V 
H 
L 
H 
L 


Chip Erase 
H 
L 
IJ 
H/12V 
H 
L 
L 
L 


Read Signal Byte 
H 
L 
H 
H 
L 
L 
L 
L 


Notes: 


(1) The Vpp Select Code determines whether Vpp= l2Vor Vpp= Veeis 
used to enable progranuning. 
(2) Write data AAh to address 55h to select Vpp = Vee. 


Write data 55h to address AAh to select Vpp = l2V. 
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PEROM Programming 
and Verification Characteristics 
TAI=210Cto27°C, 
Vcc=5.0V± 
10%, Vss=OV 


Symbol 
Parameter 
Mln 
Max 
Units 


Vppl 
Programming 
Supply 
Voltage 
11.5 
12.5 
V 


Ippl 
Programming 
SUpply Current 
1.0 
mA 


1ITcLCL 
Oscillator 
Frequency 
4 
~ 
6 
MHz 


TAVGL 
Address 
Setup 
to PROG 
Low 
48TcLCL 


TGHAX 
Address 
Hold After PROG 
48TcLCL 


TOVGL 
Data Setup to PROG 
Low 
48TcLCL 


TGHOX 
Data Hold After PROG 
48TcLCL 


TEHSH 
P2.7 (ENABLE) 
High to Vpp 
48TcLCL 


TSHGL1 
Vpp Setup to PROG 
Low 
10 
l!S 


TGHSL 
Vpp Hold After PROG 
10 
l!S 


TGLGH 
PROGWidth 
90 
110 
l!S 


TAVQV 
Address 
to Data Valid 
48TcLCL 


TELQV 
ENABLE 
Low to Data Valid 
48TcLCL 


TEHQZ 
Data Float After ENABLE 
0 
48TcLCL 


P1.0· P1.7 
P2.0· P2.3 


TTGHDX 
GHAX 


P2.7 


(ENABLE) -~ 


_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
_ LOGIC 
1 
-------------------_~~qQ_-----} 


Absolute 
Maximum Ratings· 


Operating Temperature 
-55°C to +125°C 
Storage Temperature 
-65°C to +150°C 


Voltage on Any Pin 
with Respect to Ground 
-1.0 V to +7.0 V 
Maximum Operating 
Voltage 
6.6 V 


DC Output Current 
5.0 mA 


"'NOTICE: Stresses beyond those listed under· Absolute Maximum 
Ratings· may cause permanent damage to the device. This is astress 
rating only, and functional operation of the device at these or any 
other conditions beyond those indicated in the operational sections 
of this specification is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 


DC Characteristics 
TAl = -40°C to +85°C, Vcc = +2.7V to +6.0 V, TAC = O°C to +70°C, VCC = +2.7V to +6.0 V (unless otherwise noted) 


Symbol 
Parameter 
Test Condition 
Mln 
Typ 
Max 
Units 


VIL 
Input Low Voltage 
(Except EA) 
-0.5 
0.2 Vcc-o.1 
V 
- 


VILl 
Input Low Voltage (EA) 
-0.5 
0.2 Vcc-o.3 
V 


VIH 
Input High Voltage 
(Except XTAL1, RST) 
0.2 Vcc+ 
0.9 
Vcc +0.5 
V 


VIHI 
Input High Voltage 
(XTAL1, RST) 
0.7 Vcc 
Vcc +0.5 
V 


VOL 
Output Low Voltage(2) 
IOL= 1.6mA 
0.45 
V 


(Ports 1,2,3) 
j 
, 


VOLl 
Output Low Voltage(2) 
IOL=3.2 
mA 
0.45 
V 


(Port 0, ALE,PSEN) 
, 


VOH 
Output High Voltage__ 
IOH = -60 IlA Vcc = 5V ± 10% 
2.4 
V 


(Ports 1,2,3, ALE,PSEN) 
IOH = -251lA 
0.75 Vcc 
V 


IOH = -10 IlA 
0.9 Vcc 
V 


VOHI 
Output High Voltage 
IOH = -800 IlA Vcc = 5V ± 10% 
2.4 
V 


(Port 0 in External Bus 
IOH = -300 IlA 
0.75 Vcc 
V 


Mode) 
IOH = -80 IlA 
0.9 Vcc 
V 


IlL 
Logical 0 Input Current 
VIN = 0.45V 
-50 
IlA 


(Ports 1,2,3) 
.r 


IlL 
Logical 1 to 0 Transition 
VIN = 2V 
-650 
IlA 


Current (Ports 1,2,3) 


III 
Input Leakage Current 
0.45 < VIN < Vcc 
±10 
IlA 


(Port 0, EA) 


RRST 
Reset Pulldown Resistor 
50 
150 
Kn 


CIO 
Pin Capacitance 
Test Freq = 1 MHz, TA = 25°C 
10 
pF 


Icc 
Power Supply Current: 


Active Mode, 12 MHz 
11 
20 
mA 


Idle Mode, 12 MHz 
(1) 
1.7 
5 
mA 


Power Down Mode 
5 
50 
mA 
Notes: 
1. Minimum Vcc for Power Down is 2V. 
2. Under steady state (non-transient) conditions,loL 
must be externally limited as follows: 
Maximum loL per port pin: 
10 mA 


Maximum loL per 8-bit port- 


PortO: 
26mA 
Portsl, 2, and 3: 
15 mA 


Maximum totalloL for all output pins: 
71 mA 


If In. .exceeds the test condition, VOL.may exceed the related specification. Pins are not guaranteed to sink current greater than 
thelisted test conditions. 
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AC Characteristics 
(Under Operating Conditions; Load Capacitance for Port O. ALE/PROG. and PSEN = 100 pF; Load Capacitance for all other outputs 
=80pF) 
External Program Memory Characteristics 


Symbol 
Parameter 
12 MHz Ose 
Variable Oscillator 
Units 


Mln 
Max 
Mln 
Max 


1ffcLCL 
Oscillator 
Frequency 
0 
12.0 
MHz 


TLHLL 
ALE Pulse Width 
127 
2TcLCL-40 
ns 


TAVLL 
Address Valid to ALE Low 
43 
Co 
~ - 
TCLCL-40 
. 
ns 


TLLAX 
Address Hold After ALE Low 
48 
TCLCL-35 
ns 


TLLlV 
ALE Low to Valid Instruction 
In 
233 
4TcLCL-100 
ns 


TLLPL 
ALE Low to PSEN Low 
58 
TCLCL-25 
ns 


TpLPH 
PSEN Pulse Width 
215 
3TcLCL-35 
ns 


TpLiv 
PSEN Low to Valid Instruction In 
125 
3TcLCL-20 
ns 


Tpxlx 
Input Instr Hold After PSEN 
0 
0 
ns 


TpxlZ 
Input Instr Float After PSEN 
63 
TCLCL-8 
ns 


TpXAV 
PSEN to Address Valid 
75 
TCLcL-8 
ns 


TAVIV 
Address to Valid Instruction 
In 
302 
5TcLCL-115 
ns 


TpLAZ 
PSEN Low to Address Float 
20 
20 
ns 


TRLRH 
RD Pulse Width 
400 
6TcLCL-100 
ns 


TWLWH 
WR Pulse Width 
400 
6TcLCL-100 
ns 


TRLDV 
RD Low to Valid Data In 
252 
5TcLCL-165 
ns 


TRHDX 
Data Hold After RD 
0 
I 
0 
ns 


TRHDZ 
Data Float After RD 
97 
2TcLCL-70 
ns 


TLLDV 
ALE Low to Valid Data In 
517 
8TcLCL-150 
ns 


TAVDV 
Address to Valid Data In 
585 
9TcLCL-165 
ns 


TLLWL 
ALE Low to RD or WR Low 
200 
300 
3TcLCL-50 
3TCLCL-50 
ns 


TAVWL 
Address to RD or WR Low 
203 
4TcLCL-130 
ns 


TQVWX 
Data Valid to WR Transition 
23 
TCLCL-60 
ns 


TQVWH 
Data Valid to WR High 
433 
7TCLCL-150 
. 


ns 


TWHQX 
Data Held After WR 
33 
TCLCL-50 
ns 


TRLAZ 
RD Low to Address Float 
0 
0 
ns 


TWHLH 
RD or WR High to ALE High 
43 
123 
TCLCL-40 
TCLCL+40 
ns 


ALE 


TLlPL 


TpLIV 
PSEN 


TplAZ 
ITpXAV 


Tpxlx- 
TpXIZ 


PORTO 
AD-A? 
INSTR IN 
AD-A? 


TAVIV 


PORT 2 
A8-A15 
A8-A15 
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Symbol 
Parameter 
Mln 
Max 
Units 


1ITclC 
Oscillator 
Frequency 
0 
12 
MHz 


TClCl 
Clock Period 
83 
ns 


TCHCX 
High Time 
20 
ns 


TClCX 
Low Time 
20 
ns 


TClCH 
Rise Time 
'" 
20 
ns 


TCHCl 
Fall Time 
20 
ns 


Serial Port Timing· 
Shift Register Mode Test Conditions 


(TAl = 0° = 70°C; Vcc - 5V ± 10%; v ss = OV; Load Capacitance= 80 pF) 


12MHzOsc 
Variable 
Osaclllator 
Symbol 
Parameter 
Mln 
Max 
Mln 
Max 
Units 


TXLXL 
Serial Port Clock Cycle Time 
1.0 
12TcLCL 
l!S 


TQVXH 
Output Data Setup to 
700 
10TCLCL - 133 
ns 


Clock Rising Edge 


TXHQX 
Output Data Hold After 
50 
2TcLCL - 117 
ns 


Clock Rising Edge 


TXHDX 
Input Data Hold After 
0 
0 
ns 


TXHDV 
Clock Rising Edge to 
700 
10TCLCL -133 
ns 


Input Data Valid 


Shift Register Mode Timing Waveforms 


INSTRUCTION 
I 
0 
I 
1 
I 
2 
I 
3 
ALE 


OUTPUT DATA 


! 
I 
WRITE TO SBUF 


INPUT DATA 
I 
CLEAR 
RI 


3X4X5X6X 
7/ 
SETTI~ 


2.4---x 2.0 TEST POINTS 2.0X 


0.45V'--~' 
_ 0.8 
0.8 
_ 
• 
AC Inputs during testing are driven at2.4Vfora 
Iogic"l" 
and 0.45V 
for a logic "0". Timing 
measurements 
are made at 2.0V for a logic 


"1" and 0.8V for a logic "0". 
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PEROMs 
(Flash) 
• 


_E_P_R_O_M_S 
•••• 


_P_R_O_M_S 
_ 


_S_R_A_M_S 
_ 


_E_P_LD_S 
_ 


_G_a_te_A_r_r_ay_s 
_ 


_L_O_91_"C 
_ 


_s_rn_a_rt_C__ar_d_l_c_S 
1I 


Mixed 
Signal 
a 
---- 
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TAB Packaging Services 


Wafer Bumping and Tape Automated Bonding Technology 
13-3 


• 
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Features 
• 
capability to .004" Pad Pitch with Gold Bumps 
• 
Provides Known Good Ole for Multlchlp Module Applications 


• 
Smallest Footprint Available for a Fully Tested Device 
• 
JEDEC Standard or Customer Specified TAB Tape 
• 
Customer Specified Footprint for Flip TAB or Lead Formed 
Applications 
• 
Superior Inductance, Resistance, and capacitance COmparedto 
Wire Bonding 


Description 


Tape Automated 
Bonding (fAB) is a surface-mount 
packaging technology for integrated 


circuits which provides the highest lead density and smallest footprint available for fully- 
tested die. A pattern of leads is formed in a thin sheet of copper which allows chip contact 
on the inside of the pauern, and contact to external substrates at the lead terminations on the 
outside of the pauern. 


The final configuration of the TAB' d die may conform to a JEDEC Standard UO-OI8 outline, 
or may be customized 
to the electrical 
and mechanical 
requirements 
of the customer, 
allowing unprecedented 
flexibility in finished product design. 
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Wafer Bumping 
and Tape 
Automated 
Bonding 
Technology 


• 
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Wafer Bumping Services 
Gold bumps are plated to the bond pads of the die on an unprobed 
wafer (bumps must be applied in wafer form.) Wafers are readied 
for bumping according to Atmel's design rules for the size of the 
passivation opening over the bond pads. Tilanium/fungslen 
is 
spuuered on the wafer followed by layers of palladium and gold. 
Photolithography 
operations are performed to derme the bump 


opening for plating. The bumps are then plated to the gold field 


meta10n the bond pads. Tocomplete the process, the photosensitive 
material and field metals are stripped, a final cleaning step is 
performed and the bumps are annealed. 


Atmel's bump process is compatible 
with all types of wafer 


processes, including GaAs and 50S. 


Gold Bump Capabilities 


Configuration 
I 
Straight Wall or Mushroom 


Bump Height 
" 
20-251L 


Bump Spacing 
40 1Lminimum for straight wall 


. 
100 1Lminimum for mushroom 


Field Metal 
TiW/Pd/Au 


Photolithography 
Polyimide (straight wall) 
Aqueous 
Photoresist 
(mushroom) 


GOld Bump Design Rules 


Passivation 
Opening Size 
8 1Lminimum from outside edge of bond pad 


Passivation 
Opening Shape 
Square or rectangle preferred 


Size of Bump Opening on Bump Mask 
Minimum of .002" x .004" 
(50 1Lx 100 1L)for rectangle or 
.003" x .003" (75 1Lx 75 1L)for square 


Bump Mask Requirements 
Atmel 
Supplied 
Mask 
Requirements 
ODS II tape of the mask layer for the bond pads 
Die window size 
Quantity of die per wafer 
X and Y stepping distance (in mils or microns) 
Pattern offshift distance (in mils or microns) 


Information 
on test die 
-If a test die is present on the wafer but will not be 
checked at probe, Atmel will procure a mask that will 


project a bump site of the subject device on the test 
die. 


-If a test die is present and will be checked at wafer 
probe, required information includes a ODS II tape of 
the mask layer for the test die contacts, 
test die 
window size, and quantity of test die per wafer. 


Customer 
Supplied 
Mask 
Requirements 


Orientation 
Center 
of wafer pattern 
IIlUS1be in the center 
of the mask 
pattern 
Mask title at top (device 
number, 
layer number, 
and revision) 
Wafer flat to top of mask with chrome 
side down 


Mask Size 
7" x 7" for 6" wafers, 
.120" thickness 
6" x 6" for 5" wafers, 
.120" thickness 
5" x 5" for 4" wafers, 
.090" thickness 


Reticle 
Type 
1X 


Image 
Media 
Anti-reflective 
(AR) for clear field 
See through 
chrome 
(STC) for dark field 
0.8 to 1.0 optical density 


Glass 
Type 
Quartz 


Defect Size 
10 microns, 
no defects 
in die sites 


CD or Registration 
Not required, 
however 
alignment 
marks 
in the saw streets 
are 
recommended 
for critical alignment 
on fine pitch bumps 
« 
.005") 


Saw Streets 
Saw streets 
should 
be clear of plating except 
for alignment 
marKs 


Location 
of Bump 
Over entire wafer surface 
Openings 
(bond pads 
plus edge 
areas 
of bare 
silicon) 


TAB Technology 
After the integrated circuit is prepared for the TAB process by 
applying bumps to the bond pads, the wafer is probed with normal 
probe testing procedures. 
The wafer is then sawed, and the good 
die are inspected prior to presentation 
to the bonding process. 


Inner Lead Bond (ILB) - To make the ILB connection, the TAB 
frame is attached 
to bumps formed on the chip in the wafer 
bumping process. 
ILB connections are affected via thermosonic 
single point bonding or thermocompressiongang 
bonding. Single 
point bonding is typically employed for prototype, low volume 
production, and fme pitch/high pin count applications, and usually 
requires minimal tooling charges. 
The tape is presented to the 
bonding stage in singulated form in slide mount carriers. 
Oang 
bonding is typically employed in high volume applications. 
The 
tape is presented to the bonding stage in reel form, and a thermode 
must be tooled that is specific to the device that will be bonded. 


Test and Burn-in 
- TAB'd 
die may be tested and burned in 
standard sockets. 
The die are tested by contacting the test pads 
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found on the periphery of the tape. 
ILB' d die may be tested to 


fmished device specifications. 
III 


Encapsulation 
- ILB' d die may be encapsulated with a variety of 
clear or opaque coatings; 
non-coated 
die may be placed into 
ceramic packages for hermetic applications. 


Outer 
Lead Bond (OLB) - OLB includes excise (and possibly 
lead forming) of the ILB' d die and attachment 
to a substrate. 
Single point thermosonic 
gold-to-gold 
or hot bar solder reflow 
capability is available. 


Package 
Lead Bond (PLB) - Package lead bonding involves 
attachment of a TAB lead frame to a leadless chip carrier. 
This 
technique 
makes 
fine pitch outer lead spacing 
available 
for 
devices that may require hermetic packaging. 
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Small rectangle within bond pad is aluminum beneath the 
field metal 
Area of passivation overlapping aluminum bond pad is 
greater than typical wire bond passivation 


Polyimide has been removed 
Bumps are approximately 25 J.l. high 
Uniform size and profile 


Exposed photosensitive 
polyimide 
creates opening for 
plating a gold bump to the exposed field metal 


Tool imprint on lead surface is formed from a single point 
thermosonic bonder 


Inner Lead Bond 


Technologies 
Thermosonic 
Single Point Bonding 
Thermocompression 
Gang Bonding 


Cu/Polyimide 
(2 layer), Cu/Adhesive/Polyimide 
(3 layer) 


Lead Frame Media 
35 mml4 pitch to 70 mml14 pitch 
Lead Pitch: 
.004" + (100 11+) 
Lead Width Range: 
.001" to .004" (2511 to 10011) 


Size Range (sq.): 
.073" to .600" (1.9 to 15.2 mm) 
Chip Configuration 
Thickness 
Range: 
.015" to .030" (.37 to .75 mm) 


110 Counts: 
6 to 500+ 


Chip Presentation 
Automatic magazine feed 
Manual 
Product Handling 
Lead Frame 
Reel-to-reel 
Single-site chip carrier with magazine carrier 


ILS Component 
Reel 
Single-site chip carrier with magazine carrier 


Alignment Tolerance 
+/-.0005" (12.511) 


Frame Mount and Excise 


35 mm, Super 35 mm 
Automatic cut, frame, load into magazines 


Equipment 
48 mm-70 mm 
Manually operated cut and frame 


Excise, Lead forming 
Tooling product-specified 
per OLS, 
die attach requirements 


Outer Lead Bond 


Technology 
Single-point 
thermocompression 
Cu/Au, Au/Au - Pitch range: 
.005" (12511) 
Hot bar solder reflow - Pitch range .015" (375 11) 


Mounting Media 
Ceramic leaded or leadless package 
Various ceramic/glass, 
laminate substrates 
lEI 
Encapsulation 


Au/Sn kovar resistance and furnace seal 
Hermetic/Non-hermetic 
Epoxy lid/package 
Epoxy coat 


Package 
Lead Bond 


Thermocompression 
gang bond or thermosonic 
single point bond 
Technology 
Au/Au 
Pitch range: 
.005"+(12511+) 


Mounting Media 
Ceramic leaded or lead less package 
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Performance 
System designers have reduced system .clock cycle times fro~ 
well over lOOns in early system generabons to less than 20 ns m 
commercial systems in development. 
The significance of the 
allowance in the system clock cycle for signal edge quality 
degradation 
has become correspondingly 
greater. 
Since an 


allowance ofbetween one and three nanoseconds may be required, 
this allowance as a portion of the system clock has risen from 
about two percent for early generations to roughly ten percent for 
systems currently in development. 
Packaged silicon integrated 


circuits do not typically provide a controlled environment for fast 
rise- or fall-time signals through the packaging medium, though 
PCB designs usually accommodate signal plane isolation through 
ground or supply-plane shielding. 
The emphasis ~n shielding 


allows the PCB designer to control inductance as an mfluence on 
signal quality in the PCB medium. In spite of this control in the 
PCB medium, the circuit implementation may still have difficulty 
accepting uncontrolled nodes at the integrated circuit interfaces. 
The geometry of the TAB package typically results in lower 
inductance than packages requiring wirebonds. Resistances are 
also lower since there are no thick-film conductor layers in the 
signal path of a non-hermetic TAB package and the straight-wire 
TAB conductor is usually made of copper. 
In performance 
oriented systems, a TAB package can provide a superior interface 
when compared to wire-bonded packages. 


Process Qualification/Long 
Term 


Reliability 
Testing has been performed for evaluation, qualification, and 
long term reliability 
assessment of Atrnel's gold Bump/fAB 
process, specifically the bump, bump to die, and lead frame to 
bump interfaces. To date, no reliability risk with res~t 
to.the 


bump/f AB process can be indentified as a result of thiS tesbng. 


In the absence of a significant quantity of failures a reliability 
model cannot be constructed for any of the testing performed. 
Though the temperature extremes utilized for both Temperature 
Cycling and Thermal Shock testing provide an acceleration factor 
relative to nominal operating conditions, a quantitative factor 
cannot be calculated. However, the number of cycles achieved in 
the thermal shock at O°Cto 100°C group would equate to over 3.5 
years of on/off cycles at 5 cycle per week (I cycle daily, 5 days! 
week). 


High temperature storage results show a bump reliability of l~s 
than 30 FITs for 60 percent confidence at standard operabng 
conditions of 70°C, and an activation energy of 0.5 eV. 


Atrnel's bump/fAB 
process has been shown to be reliable, not 
only at the commercial level of operation but over the military 
range of temperatures as well. 


Quantity Units 
Hours/Cycles (through Mar 92) 
Process Related Failures 


High Temperature 
Storage 
2234 
0 
75°C 
14 


200°C 
14 
1718 
0 


Thermal Shock 
0 
O°C to 100°C 
22 
900 


-65°C to 150°C 
21 
900 
0 


Temperature 
Cycling 


850 
0 
-55°C to 85°C 
22 


-65°C to 150°C 
22 
800 
0 
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Quality and Reliability 


Atmel's Policy on Quality 
14-3 
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II 


It seems like such a simple request - to get 
what you want, when you want it, andfor 
a 
reasonable price. However, in the complex 
world of integrated 
circuits, 
thousands 
of 
factors influence 
the design and manufac- 
ture of a part and can affect how the device 
will perform. 
At Atmel, every employee 
is 


com mined to making sure the customer gets 
what he wants. From the executive level and 
throughout the organization, 
the Company's 
goal 
is 
one 
hundred 
percent 
customer 


satisfaction. 


To achieve 
this goal, Atmel's 
employees 
have developed 
the philosophy, 
structure, 
training and tools necessary to sustain prod- 


uct quality and reliability. The result is two 
interrelated 
functions, 
one 
dedicated 
to 
quality and one dedicated to reliability. The 
"thread" 
that ties these functions 
to each 
other and to the rest of the Company is the 
Continuous Improvement Process. 


Atmel's corporate philosophy of continuous 
improvement 
insures that you get not only 
high quality, reliable devices, but that every 
group within the Company is operating with 
your requirements 
in mind. Atmel's 
hall- 
mark is excellence: 
quality and reliability 
from its circuits and service from its em- 
ployees. 


Continuous 


Improvement 
Process 


Reliability 
Improvement 


Philosophy 


Training 


Tools 


General Quality 
Specifications 
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Atmel's 
Policy on 
Quality 


• 


Continuous Improvement 
Accepting the Malcolm Baldrige National Quality Award. one 
recipient said that "we are in a race without a fmish line." That 
is a good synopsis 
of Atmel's 
philosophy 
of continuous 
im- 
provement. The key responsibility 
of the executives, managers 
and employees 
of Atmel is to constantly and forever improve 


the quality of products and services delivered. 


The Company's 
objectives include providing the leadership and 


training required to sustain a process of continuous quality im- 
provement; implementing 
a total quality system that will allow 


Atmel to compete for and win the Malcolm Baldrige National 
Quality Award; implementing 
and utilizing SPC throughout the 


organization; 
and understanding 
and integrating the concepts of 


"six sigma" into the culture and processes. 


In the past, the organization 
has gone through formal training in 


the Crosby 14-Step Quality Program; the Alamo Problem Solv- 
ing, Planning and Decision Making Program; General Quality 
Specifications; 
Statistical 
Process 
Control 
(SPC); 
Statistical 


Design of Experiments 
(DOE); and in-house training for mana- 


gerial and supervision 
skills. 


Today. training continues with an emphasis on SPC. DOE. six 
sigma concepts and team building. The figure above represents 
the steps Atmel has already taken along the journey of continu- 
ous improvement. 
Each year, new organizational 
goals and 


functional 
strategies 
elevate 
the Company's 
level of quality 


even higher. 


In addition to training, the journey of continuous improvement 
involves 
integrating 
SPC. DOE, just-in-time 
(JIn and other 


techniques 
into everyday 
operations. 
Use of these techniques 


throughout the corporation, 
not just in manufacturing, 
is proof 


of Atmel's 
commitment 
to continuous 
improvement. 
Whether 


it is order entry. wafer fabrication, 
review of customer specifi- 


cations, 
government 
compliance 
testing or even returning 
a 


customer's 
phone call. Atrnel strives for "zero defects." 


Hassle 
Systems 
Quality 
Improvement 
Teams 
(QITs) 


Quality 
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Statistical 
Process Control 
Control of process parameters 
is the heart of Atmel's continu- 


ous improvement system. SPC involves the portrayal of process 
parametric values in a graphical form to display whether an op- 
eration is in control or out of control. Through experimentation 
and evaluation. 
upper and lower control limits are established 
for each parametric value of a given process step. The paramet- 
ric values are charted on a continual basis and the result is an 
easy-to-interpret 
graph which allows for immediate corrections 


or adjustments by the person closest to the operation. This type 
of quality measurement 
can be applied to almost any operation 


within the Company. 


Currently over 500 SPC charts are monitored throughout wafer 
fabrication, 
test and packaging 
operations. 
Used 
at crucial 
points in the fabrication process. SPC insures compliance 
with 
pre-set control limits. Measurements 
taken at critical steps in 
the process are used in the development 
of engineering models 


and applied to current design. Process SPC data is monitored to 
insure the integrity of each wafer and the resulting statistics are 
used to constantly improve the process. 


Statistical 
Design of Experiments 
(DOE) 


The DOE technique has been successfully 
used for many years 


by the agriculture 
and chemical industries. 
Only recently has 


the technique been used in high-technology 
industries. 


Using DOE. various problems can be solved simultaneously 
by 


determining 
variables that are statistically 
significant, 
interac- 


tion between variables and the amount of variation possible in 


Performance 
Appraisals 


Quality 


Functional 
Deployment 


Effective 
Problem 
Solving 


Six Sigma 
Impact 


More 
Networks & 
Standards 


Effective 
Planning 


the process or product 
DOE can greatly reduce the time re- 
quired for process qualification 
and optimization. 
This is espe- 


cially useful in wafer fabrication where quality depends on the 
interaction of hundreds of different process steps and materials. 


When DOE is coupled with computer-aided 
design and process 
models, it can be used to predict relationships 
and outcomes by 
running experiments. 
Actual experiments 
are run on only those 
processes which show the most promise. This, in turn, reduces 
the time and cost of designing 
new products and processes or 
improving existing ones. 


Just-in-time 
The concept 
of receiving 
products 
exactly 
when 
they are 
needed for the system is what JIT is all about In order for this 
technique 
to succeed, 
however, 
a significant 
commitment 
is 
made by both the supplier and the customer. lIT implies a part- 
nership that gives the customer quality devices, reliable deliver- 
ies and lower costs compared 
with carrying inventory. Atmel 
performs design and fabrication 
tasks with such predictability 
that circuits may go directly to the customer's 
work floor, elim- 


inating incoming inspection. 


The Payoff 
Quality and reliability 
at Atmel cannot be separated from the 
life cycle of the product 
The Company recognizes that quality 


and reliability must be maintained at all levels of the organiza- 
tion and must be constantly improved. Through continuous im- 
provement 
and a focus on customer requirements, 
Atmel has 


established 
dock-to-stoek 
programs 
with several high-perfor- 
mance computer and military system companies. 


The bottom line for Atmel customers is lower system life-cycle 
cost and faster time-to-market. 
Atmel's 
culture puts customer 


requirements 
and continuous 
improvement 
above all else, in- 
suring that indeed you get what you want, when you want it, and 
at a reasonable price. 


Atmel's Quality System 
The foundation of Atmel's quality system is MIL-M-38510 
and 


MIL-STD-883. 
These specifications 
are translated 
into com- 
pany policies covering all areas of design, qualification, 
manu- 


facturing and customer service. Atmel has chosen to operate to 
the high standards of the military in order to meet or exceed the 


needs of commercial and industrial customers. The Company's 
employees are trained, certified and audited on these policies, 
which are outlined in Atmel's Quality Manual. 


Quality 
Control 
Atmel's quality efforts focus on the customer and their system. 
For example, through strict attention to customers' 
component 


and system requirements 
Atmel has achieved preferred supplier 
status. To attain this level of customer confidence the Company 
demonstrates a commitment 
to quality control in all areas of the 


operation. 
This includes 
purchase 
control, 
in-process 
quality 


control, and statistical quality control. 


Purchase Control 
Every manufacturing 
process relies on its raw materials, and 
incoming inspection plays a vital role in the quality of those raw 
materials. 
At Atmel, incoming inspection 
is supplemented 
by 
supplier audits, historical review of supplier quality and insis- 
tence that suppliers use SPC. 


In-process Quality Control 
Once raw materials are controlled, the processes that transform 
them into a final product must also be controlled. 
This is done 


through inspection of product at critical, interim stages of man- 
ufacturing. Also included is the auditing of personnel and oper- 
ations to insure that the proper procedures are being followed. 


Statistical Quality Control 
Immediate 
action is taken by the manufacturing 
organization 
when discrepancies 
are found during an inspection. At Atmel, a 


typical discrepancy results in permanent corrective action. 


However, another vital function of quality control is the report- 
ing of longer-term 
trends and statistics based upon individual 
control functions. Statistical quality control can be used to high- 
light increases in defects or errors in a department, for example. 
Atmel uses this information to take preventative 
action when a 
negative trend is detected. 


Audits 
Atmel maintains 
a self-audit 
group that continually 
monitors 
compliance 
to internal procedures 
and to customer specifica- 
tions. The findings of this group are routinely reported to man- 
agement to insure that adequate corrective actions are taken for 
any deficiencies. 
•• 
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understanding 
Reliability 


For integrated circuits, reliability 
is commonly 
defined as the 
probability that a device will operate properly for a given period 
of time, under specific environmental 
and electrical conditions. 


Although various methods exist for expressing reliability, it is 
most commonly presented in terms of probability of failure: 


Reliability 
Modeling 


Applying test data to general failure distribution curves, such as 
Weibull or lognormal curves, requires that the data fit the distri- 
bution and that the model is physically and mathematically 
rea- 


sonable with respect to the failure mechanism. 
Developing 
an 


accurate reliability model requires consideration 
of non-test-re- 


lated 
failures 
as well 
as unidentified 
failure 
mechanisms. 


Atrnel's reliability program is built on an understanding 
of the 


assumptions 
and restrictions 
inherent 
in practical 
reliability 


testing. 


Design for Reliability 
Many reliability concerns can be minimized with proper design 
techniques. For example ESO, which contributes to production 
yield loss and is a potential reliability problem, can be reduced 
or eliminated 
through 
the establishment 
of adequate 
design 


rules. Atrnel's 
reliability 
assurance 
systems 
insure that data 


taken from actual product testing is fed back to design groups 
for verification of models and design rule updates. 


Reliability 
Assurance 
Concepts 


Accelerated Testing 
During its life cycle, an integrated circuit passes through three 
distinct phases which are best defined by the failure rate of the 
device. In order to determine the actual interval associated with 
each phase, a significant number of cumulative failures (usually 
50 percent) 
must be observed. 
Due to the dramatically 
small 


failure rates of integrated circuits, testing under normal operat- 
ing conditions 
provides little or no useful data for forecasting 
reliability. An alternative is to increase stress levels above nor- 
mal, thereby accelerating 
the development 
of failure mecha- 
nisms over time. Determining proper stress conditions that lead 
to realistic failures (those that could occur under normal condi- 
tions) without introducing 
unwanted mechanisms 
is a primary 


concern of the Reliability Engineer. 


Atrnel's Reliability group uses a variety of tests designed to ac- 
celerate specific failures and reduce the probability of spurious 
results. Variables 
such as temperature, 
voltage, currents, 
hu- 


midity and radiation can be controlled during testing to influ- 
ence operational 
parameters 
of the device. 
Stress also can be 
selectively 
increased 
to affect 
specific 
circuit elements. 
To 


quantify 
the degree 
of failure acceleration 
due to increased 


stress, the industry has developed a number of physical models. 
By utilizing these models, relatively short-term, high-stress test 
results can be used to predict device performance 
under normal 


operating conditions. 


Quality 


Fai/ure Rates 
Because the failure rate of an integrated circuit varies during its 
life span, product reliability is best described as the failure rate 
of units operating 
after a specified 
number of hours. This is 


called Instantaneous 
Failure Rate, or IFR. Other measures in- 
clude Average Failure Rate, the average of the IFR over a pe- 
riod of time, and Cumulative 
Failure Rate, the total number of 


failures occurring during operation. Because the integrated cir- 
cuit failure rates are remarkably 
low, they are normally 
mea- 


sured with respect to billions of device hours. This value, re- 
ferred to as a FIT, is defined as failures per one billion hours of 
device operation. 


Failure Mechanisms 
Integrated circuit failure mechanisms can be classified as either 
process anomalies or wear-out mechanisms. 
Process anomalies 


result from less than ideal process conditions and include prod- 
uct defects such as contamination, 
step coverage deficiencies 


and electrostatic discharge (ESO) damage. Often termed "qual- 
ity" problems, these mechanisms are normally detected through 
process screens such as visual inspection, thermal cycling and 
bum-in. Process anomalies 
that escape manufacturing 
screens 


often accelerate or encourage wear-out mechanisms. For exam- 
ple, ESO can weaken insulating oxides or thin metal1ization al- 
lowing 
dielectric 
breakdown 
or electromigration 
failures 
to 
occur earlier in the life cycle. 


Wear-out mechanisms 
are directly related to the useful life of 


device materials, their physical properties, 
and interactions oc- 


curring at material interfaces. 
Because 
wear-out 
mechanisms 


result from intrinsic physical properties of the materials, reduc- 
ing these failures requires attention at the design level, strict 
control of process variation, and use of high quality materials 
and composites. 


Of the failure mechanisms studied by Reliability, electromigra- 
tion, time-dependent 
dielectric breakdown 
and latch-up are the 


primary concerns. 


ELECTROMIGRATION: 
One of the more studied problems 


in integrated circuit design and production 
is electromigration. 


Devices utilizing aluminum conductors are most susceptible to 
the phenomena. Electrons flowing in the conductor effectively 
col1ide with aluminum atoms, pushing them away and eventu- 
ally forming an open circuit 
Design, wafer process control, 


metal composition, 
temperature 
and current density determine 


how long a device will operate before electromigration 
results 


in a failure. Atrnel's experimental 
electromigration 
models and 
associated research have resulted in design and production tech- 
niques which decrease 
this risk. One such technique 
adds a 
small quantity 
of copper to the aluminum. 
This greatly en- 
hances the current carrying capability of the metal, reducing the 
occurrence of electromigration. 
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TIME-DEPENDENT 
DIELECTRIC 
BREAKDOWN: 
Re- 
duced dielectric 
strength in MOS capacitors 
is caused by the 
accumulation 
of electric charge in a gate oxide, which limits the 


operational 
life of the device. 
Experiments 
performed 
on 


CMOS and Bipolar Enhanced MOS (BEMOS) devices indicate 
that Atmel' s dielectrics and related processes provide excellent 
resistance to long-term degradation and failure, even at the high 
voltage levels typical in non-digital circuit applications. 


LATCH-UP: 
Latch-up 
in a CMOS 
device allows extremely 


high current to flow, often resulting 
in open circuit traces or 


bond wires. The condition 
can occur in any PNPN structure. 
Proper design and Atmel's proprietary process have eliminated 
this problem before it occurs. 


The Bathtub 
Curve 
The traditional "bathtub" curve used to describe the failure rate 
of a product is actually a combination of two exponential failure 
rate models. The first model begins with a high failure rate and 
rapidly declines to a low, nearly constantleveI. 
This model de- 


scribes the early-life reliability of an integrated circuit 
Atmel's 


incoming material inspection, production test and process con- 
trols identify and remove potential 
phase one failures before 
they are shipped to a customer. Test and screening limits have 


been established 
through characterization 
and qualification 
of 


the processes 
used in fabrication. 
DOE and SPC are used to 


maintain process stability and repeatability 
throughout design, 


product development and production. 


The second model that malces up the "bathtub curve" starts with 
a low, relatively constant failure rate and climbs exponentially 
after some period of time. This is the phase three wear-out stage 
where mechanisms 
such as electromigration 
and oxide brealc- 


down predominate. 
Through rigorous 
artaiysis of phase three 


failures, Atmel has developed 
techniques 
to optimize material 


life. The result is a forestalled 
phase three period and conse- 


quently, an increased phase two period. 


By combining these two models, a bathlUb-shaped curve repre- 
senting the lifetime of the product is formed. The nearly flat 
portion of the curve is the result of a mathematical 
summation 


of the "tails" of the two models and represents 
phase two. A 


low, stable failwy rate is characteristic 
of this stage as failures 


observed during ihis 
period are random in nature. These ran- 


dom failures are usually the result of sudden exposure to over- 
stress conditions 
or rare occurrences 
of wear-out type mecha- 
nisms. Devices shipped to the customer are in this stable portion 
of their lifetime. 
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Manufacturing 
for Quality 
and Reliability 


All Aunel products are manufactured 
to the standards of Mili- 


tary Standard 883D, Class B through wafer fabrication and as- 
sembly as shown in Figure 1. The products then follow different 
test flows that correspond 
to the different classes of products 
that Aunel offers. 


(1) Commercial Grade. This product follows Test Flow (1), Fig- 
ure 2 and is guaranteed 
over the temperature 
range of O°C to 


+70°C. 


(2) Industrial Grade. This product follows Test Flow (2), Figure 
3 and is guaranteed 
over the temperature 
range of -40°C to 


+85°C. 


(3) Quality Enhancement 
Flow. This product follows Test Flow 


(3), Figure 4 which specifies burn-in of industrial product in a 
standard flow. 


(4) Military Grade. Three classes of military products are of- 
fered by Aunel 
(MIL-STD-883D, 
Class B standard product, 


Figure 
1. MIL-STD-883D, 
Class B, Product Flow. 


All Atmel products are manufactured 
to these standards. 


Assembly. 
Internal Visual Method 
2010 
Condnion 
B Mechanical 
Tests 
Method 
2011 and Method 2019 


Quality 


AlmEL 


Standard Military Drawing (SMD) product, and Source Control 
Drawing (SCD) product). The Military Section discusses test 
procedures for these products in detail. 


The Payoff 
The focus of Atmel's 
quality and reliability efforts is the cus- 


tomer and his system. The common goals of highest field reli- 
ability and lowest system life cycle cost are achieved through 
close working relationships 
using programs 
such as "ship to 


stock", "just in time", and "failure trend analysis". Under these 
programs incoming Atmel circuits go straight to the customers' 
workfloors- 
they do not go through an incoming 
inspection 


cycle. This, of course, lowers manufacturing 
costs and is a tes- 


timony of the trust that has been established. 
In addition, long 


term field failures are analyzed so that corrective 
action plans 


can be implemented. 
Aunel has developed 
programs 
such as 


these with many major customers. 
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II 


Dynamic 
Burn-In 
Hermetic 
+12S'C 180 Hours 
Plastic +1S0'C 1160 Hours 


Post Burn-In 
Electricals 
2S"C 
(Extended 
Temperatures 
for 
Industrial 
or Military Devices) 


QA External 
Visual 
S/S = 2210 


QA Electrical 
Test 2S'C 
S/S = 116/0 


QA Lead Check Sample 
S/S = 11610 


Quality 


PEROMs 
(Flash) 


EPROMs 


_=-_R_A_M_S 
_ 


_E_P_LD_S 
_ 


_G_a_te_A_r_ra_y_s 
_ 


_L_09_i_C 
_ 


Smart 
Card ICs 
II 
-------- 
Mixed 
Signal 
II 
---- 
Microcontroller 
II 
---- 
Packaging 
Services 
II 
---- 


AlmEL 
------ 


Military Products. Manufacturing 
and Testing Overview 
15-3 


Standard 
Military Drawing Product Offering 
15-7 


Modified Class S Integrated Circuit Test Flow 
15-47 
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All Atmel products are manufactured 
to the 
standards of Military Standard 883D, Class 
B through wafer fabrication 
and assembly, 


as shown in Figure 1. Military products then 
follow the test flow shown in Figure 2. 


Quality Conformance 
Inspection Data 
As 
shown 
in Table 
I, 
Atmel 
performs 
Groups A, B, C, and D tests in compliance 
with 
Military 
Standard 
883D, 
Class 
B. 
Groups A and B are performed 
on each in- 


spection 
lot for MIL-STD-883D, 
Class B 
products. Groups C and D are periodic in- 
spections as defined in MIL-M-3851O. Pre- 
conditioning 
data, 
Group 
A, 
Group 
B, 


Group 
C, and Group 
D generic 
data are 


available for customer procurement. 


Military Product Classes 
Atmel offers three classes of military prod- 
ucts: 


(1) MIL-STD-883D, 
Class B products 
are 
fully compliant 
to MIL-STD-883C 
Para- 


graph 1.2.1, with no exceptions. 
A Certifi- 
cate of Compliance 
(C of C) is enclosed 
with 
each 
shipment 
of MIL-STD-883D, 
Class B product. 


(2) 
Standardized 
Military 
Drawing 
(SMD) 
products 
are 
fully 
compliant 
to 
MIL-STD-883D 
Paragraph 
1.2.1 with op- 
tional additional tests as specified in the ap- 
plicable Standardized 
Military Drawing as 
approved by DESC. Section 2, Table 1 lists 
currently 
approved 
Atmel SMD parts, or- 
ganized by Atmel part type. Section 2, Table 
2 lists currently approved Atmel SMD parts, 
organized by SMD number. 


(3) Source Control 
Drawing 
(SCD) prod- 
ucts are fully compliant to MIL-STD-883D 
Paragraph 
1.2.1 with 
optional 
additional 
tests as specified by the specific customer 
specification. Atmel must review and accept 
a customer Source Control Drawing prior to 
order acceptance to assure compliance. 


Figure 
1. MIL-STD-883D, 
Class B, Product 
Flow. 
All Atmel products are manufactured 
to these standards. 


Assembly. Internal Visual Method 2010 
Condition B Mechanical Tests 
Method 2011 and Method 2019 
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Manufacturing 
and Test 
Overview 
of Military 
Products 
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Environmental 
Preconditioning 
Temperature 
Cycling 
Constant 
Acceleration 
Fine and Gross 
Leak 


Dynamic 
Burn-In 
Method 
101S Condition 
D 
160 Hours 
Min. at +12S'C 
or 80 hours 
Min. at + 1S0'C 


100% 
Final Electrical 
Screening 
PDA = SOloat +2S'C 
-SS'C, +12S'C 


Group 
B Inspection 
Method 
SOOS 
Review 
Groups 
A, C and D Quality 
Conformance 
Inspection 
Documentation 


Group A: Electrical Tests 
Performed 
On Each Lot 


MIL-STD-883D 
Method 5005 
Screen 
Table 1 SUbgroups 
LPTD 


Static Tests at +2SoC 
1 
2 


Static Tests at +12SoC 
2 
2 


Static Tests at -SSoC 
3 
2 


Dynamic 
Tests at +2SoC 
4 
2 


Function 
Tests at +2SoC 
7 
2 


Function 
Tests at + 12SoC 
8A 
2 


Function 
Tests at -SSoC 
8B 
2 


Switching 
Tests at +2SoC 
9 
2 


Switching 
Tests at + 12SoC 
10 
2 


Switching 
Tests at -SSoC 
11 
2 


Group B: Assembly Integrity Tests 
Performed 
On Each Lot 


Quantity 
MIL-STD-883D 
(Accept No. 


Screen 
Test Method 
Conditions 
or LTPD) 


SUBGROUP 
2 


Resistance 
to Solvents 
201S 
Top and Bottom 
Marks 
4(0) 


SUBGROUP 
3 


Solderability 
2003 
+24S"C 
10 
+/-soC 


SUBGROUPS 


Bond Strength 
2011 
Condition 
D 
1S 


Group C: Die Related Tests 
Performed 
PerMIL-STD-883D 
Paragraph 
1.2.1 


MIL-STD-883D 
Screen 
Test Method 
Conditions 
LTPD 


SUBGROUP 
1 


Steady 
State Life Test 
100S 
Condition 
D 
S 


End Point Electricals 
SOOS 
As specified 
in the 
applicable 
device 
specification 


AlmEL 


III 
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Table 1. Military Standard 8830, Class B Tests (continued) 


Group 0: Package Related Tests 
Performed 
Per MIL-STD-883D 
Paragraph 
1.2.1 
By Package 
Type, Assembly 
Location, 
and Exterior 
Lead Finish 


Quantity 


MIL·STD·883D 
(Accept No. 


SCreen 
Test Method 
Conditions 
orLTPD) 


SUBGROUP 
1 


Physical 
Dimensions 
2016 
MIL-M-38510, 
Appendix 
C 
15 


SUBGROUP 
2 
5 


Lead Integrity 
2004 
Condition 
B2 
(Condition 
D lor LCC) 


Seal: Fine 
1014 
Conditon 
A or B 


Seal:Gross 
1014 
ConditionC 


SUBGROUP 
3 
15 


Thermal 
Shock 
1011 
Condition 
B, 15 Cycles 


Temperature 
Cycling 
1010 
Condition 
C, 100 Cycles 


Moisture 
Resistance 
1004 
10 Cycles 


End Point Electricals 
5005 
As specified 
in the applicable 
device specification 
(within 42 hrs) 


Seal: Fine 
1014 
Condition 
A or B 


Seal: Gross 
1014 
Condition 
C 


Visual Examination 
Per Visual 01 
Method 
1004 and 1010 


SUBGROUP 
4 
15 


Mechanical 
Shock 
2002 
Condition 
B 


Vibration 
Variable 
Freq. 
2007 
Condition 
A 


Constant 
Acceleration 
2001 
Condition 
E, 30 KG., Y1 


Seal: Fine 
1014 
Condition 
A or B 


Seal: Gross 
1014 
Condition 
C 


Visual Examination 
1010 


End Point Electricals 
5005 
As specified 
in the applicable 
device specification 


SUBGROUPS 
15 


Sa~ Atmosphere 
1009 
Condition 
A 


Seal: Fine 
1014 
Condition 
A or B 


Seal: Gross 
1014 
ConditionC 


Visual Examination 
Per Visual 01 Method 
1009 


SUBGROUP 
6 
3 (0) or 5 (1) 


Internal Water Vapor 
1018 
5,000 PPM Maximum 


Content 
Water Content 
at 100·C 


SUBGROUP? 
15 


Adhesion 
01 Lead 
2025 
Glass Frit Seal Only 


Finish 
(LTPD lor Number 01 Leads) 


SUBGROUPS 
5(0) 


Lid Torque 
2024 
Glass Frit Seal Only 


Each 
Standardized 
Military 
Drawing 
(SMD) part number that Atmel supplies cor- 
responds 
to an Atmel 1883 part number. 
SMD products are compliant 
to MIL-STD- 
883, paragraph 1.2.1 and to the requirements 
of 
the 
applicable 
standardized 
military 
drawing. The tables in this section list the 
currently 
approved 
Atmel 
SMD 
parts by 
Atmel part number (Table 1) and by SMD 
part number 
(Table 
2). They 
define 
and 
cross reference the Atmel/883 
part number 
with the SMD part number for your ordering 
convenience. 


Figure 
1 (below) 
shows 
how 
an 
Atmel 
SMD order number 
defines 
a part. com- 


pared to the components 
of the Atmel sim- 


ilar part number. 


Please note that some SMD part numbers 
contain the letter "M" between the device 
type and the case outline designator. 
The 
"M" is part of the one part-<>nenumber sys- 
tem, set up by DESC. It is a device class des- 
ignator which indicates the part is an SMD 
part number as opposed to being a JAN part 
number. 


Figure 
1. Components 
of an SMD number (top) compared to the Atmel similar part 


number (bottom). 


Standrardiz9d 
D9Vic9 
Military Drawing 
SMD 
Class 
(SMD) 
D9Vic9 D9signator 
Cas90utlin9 
L9ad 


Numbr 


9r 
Typ9 ,\M=SM~D part) 
(SMD Cod9) 
Finish 
s: 
~ 
5962-38267 01 M:X 


Cas90utlin9 
(Atm91COd9) 


T9mp9ratur9 
Rang9 
(M=Military) 


Military 
ComlianCB 
D9signator 
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Standard 
Military 
Drawing 
Product 
Offering 


• 


The organization 
of Table 1 enables the purchaser 
to order a 


standardized 
military pan by using the Atmel generic part type 
to locate the correct 
SMD drawing 
number. 
The SMD part 
number is the order number for SMD devices. The Atmel ge- 
neric part type, which begins with the prefix "AT," heads Table 
1. There are four sections in this table (see the sample table 
below): 


SMDOptions 
The first section lists the SMD options available at Atmel. It 
includes the industry generic pan type, the SMD drawing num- 
ber, and the SMD device type. The SMD case outline options, 
the lead finish options, the circuit description, 
and the access 


time that correspond 
to that device type are also included. 
The 
tables for the E2PROM in this section include the end write in- 
dicator in the circuit de- 


scription column and the write mode for the specific device 
type. 


Order Code Cross-Reference 
The next section of the table cross-references 
each optionally 


complete SMD part number (see 0 below) with the Atmel sim- 
ilar /883 part number (see f) below). 


Case Outline Legend 
The third section gives the SMD case outline options available 
for the device. 


Lead Finish Legend 
The last section lists the SMD lead fmish options available for 
the device. 


SMD Options 
[ 


with Part Description 
and Specifications 


Order CodeI 


Cross-Reference l 


Case Outline 
Legend 
[ 


Lead Finish Legend 
[ 


AT28C010 
( 
-- 


StanUnl 
•••• 
,.,Dnl•• 
NuInber 
_ .... 
\, 


28C010 
....... 
"""'" 


Ca• 
'-d 
o __ 
o..,nption 
w••• '-0, 
w••• ''''-.=;1 
- 


TT" 
0..11 •• 
""'" 


EItdWrtlelnd1c*N 
- 


TlIM(n-l 
Spd(m-l 
(C}iIl-' 


5962-38267 
01 
X, V,l 
X,A,C 
128K x 8, 1·Mbl 
E2pROM 
B~oI 
250 
10 :r 


Data Poling 
Page 


59&2-38267 
03 
X, y. Z 
X,A,C 
128K )l8, 1-Mbit EZpROM 
B~oI 
200 
10 
natiPoUin 
Pane 
A",*c.,.tom. 
E....-: 
AIIMlOrO.- 
•••••••••. 
Ah_ 
51••.•• 
P.-t 
••.••••• 
\, 
"..•. 
05962-38267 
01M xx 
• 
A1'28C01().25BW883 
( 


5952-38267 
01M 
YX 
AT28C01Q-25l.MJ883 


5962-38267 
01M 
ZX 
AT28C01Q-25FMI883 


5962-38267 
03IlI xx 
AT28C010-20BM'883 


5962-.38267 03M YX 
AT28C01 o-20lMJ883 


5962.J8267 
03M ZX 
AT28C01D-20FM/883 


ca•• OutiIM 
J 


X 
I 
328. 32 Lead, 0.600" Wide, ceramic 
Side Staze Oualln~ne 
(Side Braze) 
y 
I 44L, 44 Pad, Non-Windowed, 
ceramic 
leadless 
Chip Carrier (LCC) 


Z 
I 
32F, 32 lead, 
Non-Windowed, 
Ceramic Bottom-Brazed 
Flat Packaae (Flalpack) 


LNdFlnlsh 


X 
I 
Allows Hot Tin Dip or Gold (AUl 
" 
A 
I 
Hot Tin Dip 


C 
I Go~(AU) 
/ 


How to Use the Atmel SMD Number Reference Table 
Table 2 allows quick reference 
to the Atmel /883 similar part 
number (see f) below). It also includes the circuit description 


number when the SMD pan number is known by the purchaser. 
and access time 
for that part number. The E2PROM tables in- 


The head for Table 2 is the SMD drawing number (see the ex- 
elude the end write indicator (which is in the circuit description 
ample table below). The only section in this table is a cross-ref- 
column) the write mode, the write speed, and the endurance cy- 


erence between the optionally complete SMD drawing number 
e1es for the specific part number. 


(see 0 below) 
and the corresponding 
Atmel similar /883 pan 


Al.-l 
S1rn_P-, 
""',..., 
"'"""'Do""'" 
-. 
EIod"""'-1nd1DMDf 
- 
5962-38267 
01M 
xx 
AT28C01 D-25BM1863 
128K x 8, 1-Mbil: E2PROM 
~01 
250 


Dati 
Polling 
Pa•• 


Order Code 
5962-38267 
01M 
VX 
AT28C01 0-25lMl883 
128K x 8, 1-Mbit E2PROM 
B~oI 
250 
10 
natiPolling 
Pa•• 
Cross-Reference 
5962-38267 
01M ZX 
AT28C01D-25FW883 
128K x 8, 1-Mbit E2PROM 
B~'" 
250 
'0 


'OitiPolling 
Pa•• 


5962-38267 
03M 
XX 
AT28C01 D-20BMI883 
128K x 8, 1-Mbit E2PROM 
~'" 
200 
10 


Oiti 
Poll jng 
Pa•• 


5962-38267 
03M 
VX 
AT28C01D-2OLMJ883 
128K x 8, 1-Mbit E2PROM 
~01 
200 
10 


Oiii 
POlling 
Pa•• 


5962-38267 
03M 
ZX 
AT2BC01o-20FMl883 
128K • 8, 1-Mbit EZPROM 
~'" 
200 
10 


'OitiPoli 
Pa 


15-8 
SMD Products 


AT22V10 


Generic Number 
Standardized 
Mllllary 
Drawing Number 
Description 


C22V10 
Drawing 
Device 
Case 
Lead 
TPD 


Number 
Type 
Oulllne 
Finish 
CirculI Description 
(ns) 


5962-87539 
01 
K,L,3 
X,A,C 
22-lnput, 
10-0utput 
and-or-Logic 
Array 
25 


5962-87539 
02 
K, L, 3 
X, A, C 
22-lnput, 
1O-Output and-or-Logic 
Array 
30 


5962-87539 
03 
K, L,3 
X,A, C 
22-lnput, 
1O-Output and-or-Logic 
Array 
40 


5962-87539 
04 
K, L, 3 
X,A,C 
22-lnput, 10-0utput 
and-or-Logic 
Array 
20 


Almel Cage No. 
Example: 
Almer Order Number 
Almel Simllsr 
Psrl Number 


1FN41 
5962-87539 
01 KX 
AT22V10-25YM/883 


5962-87539 
01 LX 
AT22V10-25DM/883 


5962-87539 
01 3X 
AT22V10-25LM/883 


5962-87539 
02 KX 
AT22V10-30YM/883 


5962-87539 
02 LX 
AT22V10-30DM/883 


5962-87539 
02 3X 
AT22V10-30LM/883 


5962-87539 
03 KX 
AT22V10-40YM/883 


5962-87539 
03 LX 
AT22V10-40DM/883 


5962-87539 
03 3X 
AT22V1 0-40LM/883 


5962-87539 
04 KX 
AT22V10-20YM/883 


5962-87539 
04 LX 
AT22V10-20DM/883 


5962-87539 
04 3X 
AT22V10-20LM/883 


case Outline 


K 
24CW, 24 Lead, Windowed, 
Ceramic Flat Package (Cerpack) 


L 
24DW3, 24 Lead 0.300" Wide, Windowed, 
Ceramic Duallnline 
Package (Cerdip) 


3 
28LW, 28 Pad, Windowed, 
Ceramic Leadless Chip Carrier (LCC) 


Lead Finish 
- 


X 
Allows Hot Tin Dip or Gold (AU) 


A 
Hot Tin Dip 


C 
Gold (AU) 


AlmEL 


II 


- 


AT22V10L 


Generic Number 
Standardized 
MIlitary Drawing Number 
Description 


C22V10L 
Drawing 
Device 
Case 
Lead 
TPD 


Number 
Type 
Oulllne 
Flnlah 
Circuli 
Description 
(na) 


5962-88724 
01 
K,L,3 
X,A,C 
22-lnput, 1O-Output and-or-Logic 
Array 
25 


5962-88724 
02 
K, L, 3 
X,A,C 
22-lnput, 
1O-Output and-or-Logic 
Array 
30 


5962-88724 
03 
K,L,3 
X,A,C 
22-lnput, 
1O-Output and-or-Logic 
Array 
40 


5962-88724 
04 
K, L,3 
X,A,C 
22-lnput, 
10-Output and-or-Logic 
Array 
20 


Atm" 
Cage No. 
Example: 
Atmel Order Number 
Atm •• Similar Pari Number 
1FN41 
5962-88724 
01 KX 
AT22V10L-25YM/883 


5962-88724 
01 LX 
AT22V10L-25DM/883 


5962-88724 
01 3X 
AT22V10L-25LM/883 


5962-88724 
02 KX 
AT22V1 OL-30YM/883 


5962-88724 
02 LX 
AT22V1 OL-30DM/883 


5962-88724 
02 3X 
AT22V10L-30LM/883 


5962-88724 
03 KX 
AT22V1 OL-40YM/883 


5962-88724 
03 LX 
AT22V1 OL-40DM/883 


5962-88724 
03 3X 
AT22V1 OL-40LM/883 


5962-88724 
04 KX 
AT22V1 OL-20YM/883 


5962-88724 
04 LX 
AT22V1 OL-20DM/883 


5962-88724 
04 3X 
AT22V1 OL-20LM/883 


Case Outline 


K 
24CW, 24 Lead, Windowed, 
Ceramic Flat Package (Cerpack) 
, 


L 
24DW3, 24 Lead 0.300· Wide, Windowed, 
Ceramic Duallnline 
Package (Cerdip) 


3 
28LW, 28 Pad, Windowed, 
Ceramic Leadless Chip Carrier (LCC) 


Lead Finish 


X 
Allows Hot Tin Dip or Gold (AU) 


A 
Hot Tin Dip 


C 
Gold (AU) 


AT22V100TP 


Generic Number 
Standardized 
Military Drawing Number 
Deacrlptlon 


C22V10 OTP 
Drawing 
Device 
C•• e 
Lead 
TPD 
Number 
Type 
Outline 
Flnlah 
Circuit 
Deacrlptlon 
lna) 


5962-88670 
01 
K, L,3 
X,A,C 
22-lnput, 
10-Output and-or-Logic 
Array 
25 


5962-88670 
02 
K, L,3 
X,A,C 
22-lnput, 10-Output and-or-Logic 
Array 
30 


5962-88670 
03 
K, L,3 
X,A,C 
22-lnput, 1O-Output and-or-Logic 
Array 
40 


5962-88670 
04 
K,L,3 
X,A,C 
22-lnput, 
1O-Output and-or-Logic 
Array 
20 


5962-88670 
05 
K,L,3 
X,A,C 
22-lnput, 
1O-Output and-or-Logic 
Array 
15 


Atm" 
Cage No. 
Examp'e: 
Atmel Order Number 
Atm" 
Similar Part Number 
1FN41 
5962-88670 
01 KX 
AT22V10-25FM/883 


5962-88670 
01 LX 
AT22V1 0-25GM/883 


5962-88670 
01 3X 
AT22V10-25NM/883 


5962-88670 
02 
KX 
AT22V10-30FM/883 


5962-88670 
02 LX 
AT22V10-30GM/883 


5962-88670 
02 3X 
AT22V10-30NM/883 


5962-88670 
03 KX 
AT22V10-40FM/883 


5962-88670 
03 LX 
AT22V1 0-40GM/883 


5962-88670 
03 3X 
AT22V10-40NM/883 


5962-88670 
04 KX 
AT22V10-20FM/883 


5962-88670 
04 LX 
AT22V1 0-20GM/883 


5962-88670 
04 3X 
AT22V1 0-20NM/883 


5962-88670 
05 
KX 
AT22V10-15FM/883 


5962-88670 
05 LX 
AT22V10-15GM/883 


5962-88670 
05 3X 
AT22V1 0-15NM/883 


GaseOutline 


K 
24C, 24 Lead, Non-Windowed, 
Ceramic Flat Package (Cerpack) 


L 
2403,24 
Lead 0.300" Wide, Non-Windowed, 
Ceramic Duallnline 
Package (Cerdip) 


3 
28L, 28 Pad, Non-Windowed, 
Ceramic Leadless Chip Carrier (LCC) 


Lead Finish 


X 
Allows Hot Tin Dip or Gold (AU) 


A 
Hot Tin Dip 
C 
Gold (AU) 
• 


AlmEL 


AlmEL 


AT22V1 OL OTP 
.. 


Generic Number 
Standardlzedlzed 
MIlitary Drawing Number 
. 
Description 


C22V10LOTP 
Drawing 
Device 
Caae 
Lead 
TPD 


Number 
Type 
Outline 
Flnlah 
Circuit Description 
lna) 


5962-89755 
01 
K, L,3 
X,A,C 
22-lnput, 10-0utput 
and-or-Logic 
Array 
25 


5962-89755 
02 
K, L, 3 
X,A,C 
22-lnput, 
1O-Output and-or-Logic 
Array 
30 


5962-89755 
03 
K, L,3 
X,A,C 
22-lnput, 1O-Output and-or-Logic 
Array 
40 


5962-89755 
04 
K,L,3 
X,A,C 
22-lnput, 10-0utput 
and-or-Logic 
Array 
20 


Atmel Cage No. 
Example: 
Atmel Order Number 
Atmel Similar Part Number 


lFN41 
5962-89755 
01 KX 
AT22V1 OL-25FM/883 


5962-89755 
01 LX 
AT22V1 OL-25GM/883 


5962-89755 
01 3X 
AT22V1 OL-25NM/883 


5962-89755 
02 KX 
AT22V1 OL-30FM/883 


5962-89755 
02 LX 
AT22V1 OL-30GM/883 


5962-89755 
02 3X 
AT22V10L-30NM/883 


5962-89755 
03 KX 
AT22V1 OL-40FM/883 


5962-89755 
03 LX 
AT22V10L-40GM/883 


5962-89755 
03 3X 
AT22V10L-40NM/883 


5962-89755 
04 KX 
AT22V1 OL-20FM/883 


5962-89755 
04 LX 
AT22V1 OL-20GM/883 


5962-89755 
04 3X 
AT22V10L-20NM/883 


Case Outline 


K 
24C, 24 Lead, Non-Windowed, 
Ceramic Flat Package (Cerpack) 


L 
24D3, 24 Lead 0.300" Wide, Non-Windowed, 
Ceramic Duallnline 
Package (Cerdip) 


3 
28L, 28 Pad. Non-Windowed, 
Ceramic Leadless Chip Carrier (LCC) 


Lead Finish 


X 
Allows Hot Tin Dip or Gold (AU) 


A 
Hot Tin Dip 


C 
Gold (AU) 


ATV750 


Generic Number 
Standardized 
Military Drawing Number 
Description 


V750 
Drawing 
Device 
Case 
Lead 
TPD 
Number 
Type 
Outline 
Flnlah 
Circuit Description 
(na) 


5962-88726 
01 
L,3 
X,A,C 
22-lnput, 
10-0utput 
and-or-Logic 
Array 
40 


5962-88726 
02 
L,3 
X,A,C 
22-lnput, 
1O-Output and-or-Logic 
Array 
35 


5962-88726 
03 
L,3 
X,A,C 
22-lnput, 10-0utput 
and-or-Logic 
Array 
25 


5962-88726 
04 
L,3 
X,A,C 
22-lnput, 1O-Output and-or-Logic 
Array 
20 


Atmel Cage No. 
Example: 
Atmel Order Number 
Atmel Similar Part Number 
1FN41 
5962-88726 
01 LX 
ATV750-40DM/883 


5962-88726 
01 3X 
ATV750-40LM/883 


5962-88726 
02 LX 
ATV750-35DM/883 


5962·88726 
02 3X 
ATV750-35LM/883 


5962-88726 
03 LX 
ATV750-25DM/883 


5962-88726 
03 3X 
ATV750-25LM/883 


5962-88726 
04 LX 
ATV750-20DM/883 


5962-88726 
04 3X 
ATV750-20LM/883 


ATV750L 


Generic Number 
Standardized 
Military Drawing Number 
Description 


V750L 
Drawing 
Device 
Case 
Lead 
TPD 
Number 
Type 
OulIIne 
Finish 
Circuli 
Description 
(na) 


5962-88726 
06 
L,3 
X,A,C 
22-input, 
1O-Output and-or-Logic 
Array 
30 


5962-88726 
07 
L,3 
X,A,C 
22-lnput, 1O-Output and-or-Logic 
Array 
25 


Atmel Cage No. 
Example: 
Atmel Order Number 
Atmel Similar Part Number 
1FN41 
5962-88726 
06 LX 
ATV750L-30DM/883 


5962-88726 
06 3X 
ATV750L -30LM/883 


5962-88726 
07 LX 
ATV750L-25DM/883 


5962-88726 
07 3X 
ATV750L -25LM/883 


GaseOutline 


L 
I 
24DW3, 24 Lead 0.300" Wide, Windowed, 
Ceramic Duallniine 
Package (Cerdip) 


3 
28LW, 28 Pad, Windowed, 
Ceramic Leadless Chip Carrier (LCC) 


Lead Finish 


X 
Allows Hot Tin Dip or Gold (AU) 


A 
Hot Tin Dip 


C 
Gold (AU) 


AlmEL 
• 


AlmEL 


- 
-- 
- 


ATV2500H 


Generic Number 
Standardized 
Military Drawing Number 
Description 


V2500 
Drawing 
Device 
Caae 
Lead 
TPD 


Number 
Type 
Outline 
Flnlah 
Circuit Description 
(na) 


5962-91545 
01 
a,X,Y 
X,A,C 
38-lnput, 24-Output and-or-Logic 
Array 
35 


5962-91545 
02 
a,X,Y 
X,A,C 
38-lnput, 24-Output and-or-Logic 
Array 
25 


Atm" 
Cage No. 
Example: 
Atmel Order Number 
Atm" 
Similar Part Number 


1FN41 
5962-91545 
01M ax 
ATV2500H-35DM/883 


5962-91545 
01M xx 
ATV2500H-35LM/883 


5962-91545 
01M 
YX 
ATV2500H-35KM/883 


5962-91545 
02M ax 
ATV2500H-25DM/883 


5962-91545 
02M xx 
ATV2500H-25LM1883 


5962-91545 
02M 
YX 
ATV2500H-25KM/883 


ATV2500L 
- 


Generic Number 
Standardized 
Military Drawing Number 
Descrlpllon 


V2500L 
Drawing 
Device 
Caae 
Lead 
TPD 


Number 
Type 
Outline 
Finish 
Circuit Description 
(na) 


5962-91545 
03 
a,X,Y 
X,A,C 
38-lnput, 24-0utput 
and-or-Logic 
Array 
30 


Atm" 
Cage No. 
Example: 
Atmel Order Number 
AIm" 
Similar Part Number 


1FN41 
5962-91545 
03M ax 
ATV2500L -30DM1883 


5962-91545 
03M xx 
ATV2500L -30LM/883 


5962-91545 
03M 
YX 
ATV2500L -30KM/883 


Case Outline 
a 
40DW6, 40 Lead, 0.600" Wide, Windowed, 
Ceramic Duallnline 
Package (Cerdip) 


X 
44LW, 44 Pad, Windowed, 
Ceramic Leadless Chip Carrier (LCC) 


Y 
44KW, 44 Lead, Windowed, 
Ceramic J-Leaded Chip Carrier (JLCC) 


Lead Finish 


X 
Allows Hot Tin Dip or Gold (AU) 


A 
Hot Tin Dip 


C 
Gold (AU) 


AT27C256R 


Generic Number 
SUlndardlzed MIIIUlry Drawing Number 
Deecrlptlon 


27C256R 
Drewlng 
Device 
C•• e 
Leed 
Acceaa 


Number 
Type 
Outline 
Finish 
Circuit Description 
TIme (ns) 


5962-86063 
01 
X,V,l 
X,A,C 
32Kx 
8 EPROM 
200 


5962-86063 
02 
X,V,l 
X,A,C 
32Kx8 
EPROM 
250 


5962-86063 
03 
X,V,l 
X,A,C 
32Kx8 
EPROM 
300 


5962-86063 
04 
X,V,l 
X,A,C 
32Kx8 
EPROM 
170 


5962-86063 
05 
X,V,l 
X,A,C 
32Kx 
8 EPROM 
170 


5962-86063 
06 
X,V,l 
X,A,C 
32Kx 
8 EPROM 
120 


5962-86063 
07 
X,V,l 
X,A,C 
32Kx8 
EPROM 
90 


Atmel e.ge 
No. 
Example: 
Atme' Order Number 
Atmel Similar Parl Number 


1FN41 
5962-86063 
01 XX 
AT27C256R-20DM/883 


5962-86063 
01 YX 
AT27C256R-20LM/883 


5962-86063 
01 ZX 
AT27C256R-20KM/883 


5962-86063 
02 XX 
AT27C256R-25DM/883 


5962-86063 
02 YX 
AT27C256R-25LM/883 


5962-86063 
02 ZX 
AT27C256R-25KM/883 


5962-86063 
03 XX 
AT27C256R-30DM/883 


5962-86063 
03 YX 
AT27C256R-30LM/883 


5962-86063 
03 ZX 
AT27C256R-30KM/883 


5962-86063 
04 XX 
AT27C256R-17DM/883 


5962-86063 
04 YX 
AT27C256R-17LM/883 


5962-86063 
04 ZX 
AT27C256R-17KM/883 


5962-86063 
05 XX 
AT27C256R-15DM/883 


5962-86063 
05 YX 
AT27C256R-15LM/883 


5962-86063 
05 ZX 
AT27C256R-15KM/883 


5962-86063 
06 XX 
AT27C256R-12DM/883 


5962-86063 
06 YX 
AT27C256R-12LM/883 


5962-86063 
06 ZX 
AT27C256R-12KM/883 


5962-86063 
07 XX 
AT27C256R-90DM/883 


5962-86063 
07 YX 
AT27C256R-90LM/883 


5962-86063 
07 ZX 
AT27C256R-90KM/883 


case Outline 


X 
I 
32DW6, 32 Lead, 0.600" Wide, Windowed, 
Ceramic Duallnline 
Package (Cerdip) 


Y 
32LW, 32 Pad, Windowed, 
Ceramic Leadless Chip Carrier (LCC) 


Lead Finish 


X 
Allows Hot Tin Dip or Gold (AU) 


A 
Hot Tin Dip 


C 
Gold (AU) 


AlmEL 
• 


AlmEL 


AT27HC256R 


Generic Number 
Standardized 
Military Drawing Number 
. 
Deacrlptlon 


27HC256R 
Drawing 
Device 
Case 
Leed 
Acceaa 


Number 
Type 
Outline 
F1nlah 
Circuit Deecrlptlon 
TIme lna) 


5962-86063 
08 
X,V,Z 
X,A,C 
32K x8 EPROM 
70 


Atmel Cage No. 
Example: 
Atmel Order Number 
Atmel Similar Part Number 


1FN41 
5962-86063 
08 XX 
;. 
AT27HC256R-70DM/883 


5962-86063 
08 YX 
AT27HC256R-70LM/883 


5962-86063 
08 ZX 
AT27HC256R-70KM/883 


C8seOutline 


X 
28DW6, 28 Lead, 0.600" Wide, Windowed, 
Ceramic Duallnline 
Package (Cerdip)' 


Y 
32LW, 32 Pad, Windowed, 
Ceramic Leadless Chip Carrier (LCC) 


Z 
32KW, 32 Lead, Windowed, 
Ceramic J-Leaded Chip Carrier (JLCC) 


Lead Finish 


X 
Allows Hot Tin Dip or Gold (AU) 


" 


A 
Hot Tin Dip 


C 
Gold (AU) 


-- 
- . 
-- 
.... 


AT27C512R 


Generic Number 
Standardized 
Military Drawing Number 
. 
Deacrlptlon 


27C512R 
Drawing 
Device 
Caae 
lead 
Acceaa 


Number 
Type 
Qulllne 
Flnlah 
Circuit Description 
.1 
Time (na) 


5962-87648 
01 
X,V,l 
X,A,C 
64K x8 EPROM 
150 


5962-87648 
02 
X,V,l 
X,A,C 
64Kx 
8 EPROM 
200 


5962-87648 
03 
X,V,l 
X,A,C 
64Kx 
8 EPROM 
250 


5962-87648 
04 
X,V,l 
X,A,C 
64Kx8 
EPROM 
120 


Atmel Cage No. 
Example: 
Atmel Order Number 
Atmel Similar Part Number 


1FN41 
5962-87648 
01 XX 
AT27C512R-15DM/883 


5962-87648 
01 YX 
AT27C512R-15LM/883 


5962-87648 
01 ZX 
AT27C512R-15KM/883 


5962-87648 
02 XX 
AT27C512R-20DM/883 


5962-87648 
02 YX 
AT27C512R-20LM/883 


5962-87648 
02 ZX 
AT27C512R-20KM/883 


5962-87648 
03 XX 
AT27C512R-25DM/883 


5962-87648 
03 YX 
AT27C512R-25LM/883 


5962-87648 
03 ZX 
AT27C512R-25KM/883 


5962-87648 
04 XX 
AT27C512R-12DM/883 


5962-87648 
04 YX 
AT27C512R-12LM/883 


5962-87648 
04 ZX 
AT27C512R-12KM/883 


GaseOutline 


X 
28DW6, 28 Lead, 0.600" Wide, Windowed, 
Ceramic Duallnline 
Package (Cerdip) 


Y 
32LW, 32 Pad, Windowed, 
Ceramic Leadless Chip Carrier (LCC) 


Z 
32KW, 32 Lead, Windowed, 
Ceramic J-Leaded Chip Carrier (JLCC) 


Lead Finish 


, 


X 
Allows Hot Tin Dip or Gold (AU) 


A 
Hot Tin Dip 
, 
, 
, 


C 
Gold (AU) 


• 


AlmEL 


AlmEL 


AT27C010 


Generic Number 
Stllndardlzed 
Mllltllry 
Drawing Number 
Deacrlptlon 


27C010 
Drawing 
Devlce 
Ca88 
Lead 
Ac_ 


Number 
Type 
Outline 
Finish 
Circuit Description 
n•••• 
(na) 


5962-89614 
01 
X,V 
X,A,C 
128K X 8, 1-Mbit EPROM 
300 


5962-89614 
02 
X,V 
X,A,C 
128K X 8, 1-Mbit EPROM 
250 


5962-89614 
03 
X, V 
X,A,C 
128K X 8, 1-Mbit EPROM 
200 


5962-89614 
04 
X,V 
X,A,C 
128K X 8, 1-Mbit EPROM 
170 


5962-89614 
05 
X,V 
X,A,C 
128K X 8, 1-Mbit EPROM 
150 


5962-89614 
06 
X,V 
X,A,C 
128K X 8, 1-Mbit EPROM 
120 


Atm" 
Cage No. 
Example: 
Atme' Order Number 
Atm" 
Similar Part Number 


lFN41 
5962-89614 
01M 
XX 
AT27C010-30DM/883 


5962-89614 
01M 
YX 
AT27C010-30LM/883 


5962-89614 
02M 
XX 
AT27C010-25DM/883 


5962-89614 
02M 
YX 
AT27C010-25LM/883 


5962-89614 
03M 
XX 
AT27C010-20DM/883 


5962-89614 
03M 
YX 
AT27C010-20LM/883 


5962-89614 
04M 
XX 
AT27C010-17DM/883 


5962-89614 
04M 
YX 
AT27C010-17LM/883 


5962-89614 
05M 
XX 
AT27C010-15DM/883 


5962-89614 
05M 
YX 
AT27C010-15LM/883 


5962-89614 
06M 
XX 
AT27C010-12DM/883 


5962-89614 
06M 
YX 
AT27C010-12LM/883 


Case Outline 


X 
I 
32DW6, 32 Lead, 0.600" Wide, Windowed, 
Ceramic Duallnline 
Package (Cerdip) 


Y 
I 
32LW, 32 Pad, Windowed, 
Ceramic Leadless Chip Carrier (LCC) 


Lead Finish 


X 
Allows Hot Tin Dip or Gold (AU) 


A 
Hot Tin Dip 
C 
Gold (AU) 


AT27C1024 


Generic Number 
Standardized 
Military Drawing Number 
, 
DelCrlptlon 


27C1024 
Drawing 
Device 
Caee 
Lead 
Acce •• 
Number 
Type 
Outline 
Finish 
Circuit Description 
TIme (ns) 


5962-86805 
01 
a,x 
X,A,C 
64K X 16, 1-Mbit EPROM 
300 


5962-86805 
02 
a,x 
X,A,C 
64K x 16, 1-Mbit EPROM 
250 


5962-86805 
03 
a,x 
X,A,C 
64K X 16, 1-Mbit EPROM 
200 


5962-86805 
04 
a,x 
X,A,C 
64K X 16, 1-Mbit EPROM 
170 


5962-86805 
05 
a,x 
X,A,C 
64K X 16, 1-Mbit EPROM 
150 


5962-86805 
06 
a,x 
X,A,C 
64K X 16, 1-Mbit EPROM 
120 


Atmel Cage No. 
Example: 
Atmel Order Number 
Atmel Similar Parl Number 
1FN41 
5962-86805 
01 ax 
AT27C1 024-30 DM/883 


5962-86805 
01 xx 
AT27C 1024-30LM/883 


5962-86805 
02 ax 
AT27C 1024-25DM/883 


5962-86805 
02 xx 
AT27C 1024-25LM/883 


5962-86805 
03 ax 
AT27C1 024-20 DM/883 


5962-86805 
03 xx 
AT27C1024-20LM/883 


5962-86805 
04 ax 
AT27C1024-17DM/883 


5962-86805 
04 xx 
AT27C 1024-17LM/883 


5962-86805 
05 ax 
AT27C 1024-15 DM/883 


5962-86805 
05 xx 
AT27C 1024-15LM/883 


5962-86805 
06 ax 
AT27C 1024-12DM/883 


5962-86805 
06 xx 
AT27C 1024-12LM/883 


case Outline 
a 
40DW6, 40 Lead, 0.600" Wide, Windowed, 
Ceramic Duallnline 
Package (Cerdip) 


X 
44LW,44 
Pad, Windowed, 
Ceramic Leadless Chip Carrier (LCC) 


Lead Finish 


X 
Allows Hot Tin Dip or Gold (AU) 


A 
Hot Tin Dip 
C 
Gold (AU) 


AlmEL 
• 


AT27HC1024 


Generic Number 
Standardized 
Military Drawing Number 
.. 
Deecrlptlon 


27HC1024 
Drawing 
Device 
Case 
Lead 
Acce •• 


Number 
Type 
Oulllne 
Flnlah 
Circuit Description 
Time (na) 


5962-86805 
07 
a,x 
X,A,C 
64K X 16, 1-Mbit EPROM 
90 


5962-86805 
08 
a,x 
X,A,C 
64K X 16, 1-Mbit EPROM 
70 


Atmel Cage No. 
Example: 
Atmel Order Number 
Atmel Similar Part Number 
1FN41 
5962-a6805 
07 ax 
AT27HC 1024-90 DM/883 


5962-a6805 
07 xx 
AT27HC 1024-90LM/883 


5962-a6805 
08 ax 
AT27HC 1024-70DM/883 


5962-a6805 
08 xx 
AT27HC 1024-70LM/883 


GaseOutline 


a 
40DW6, 40 Lead, 0.600" Wide, Windowed, 
Ceramic Duallnline 
Package (Cerdip) 


X 
44LW, 44 Pad, Windowed, 
Ceramic Leadless Chip Carrier (LCC) 


Lead Finish 


X 
Allows Hot Tin Dip or Gold (AU) 


A 
Hot Tin Dip 


C 
Gold (AU) 


AT27HC641R 


Generic Number 
Standardized 
Military Drawing Number 
Deacrlptlon 


27HC641R 
Drawing 
Devlca 
C•• e 
Lead 
Acce •• 


Number 
Type 
Outline 
Flnlah 
Circuit Description 
TIme (na) 


5962-87515 
01 
J,K,3 
X,A,C 
8K X 8 [UV] PROM 
45 


5962-87515 
02 
J,K,3 
X,A,C 
8K X 8 [UV] PROM 
55 


5962-87515 
03 
J,K,3 
X,A,C 
8K X 8 [UV] PROM 
70 


5962-87515 
04 
J,K,3 
X,A,C 
8K X 8 [UV] PROM 
90 


Almel Cage No. 
Example: 
Almal Order Number 
Atmel Similar Part Number 
lFN41 
5962-87515 
01 JX 
AT27HC641 R-45DM/883 


5962-87515 
01 KX 
AT27HC641 R-45CM/883 


5962-87515 
01 3X 
AT27HC641 R-45LM/883 


5962-87515 
02 JX 
AT27HC641 R-55DM/883 


5962-87515 
02 KX 
AT27HC641 R-55CM/883 


5962-87515 
02 3X 
AT27HC641 R-55LM/883 


5962-87515 
03 JX 
AT27HC641 R-70DM/883 


5962-87515 
03 KX 
AT27HC641 R-70CM/883 


5962-87515 
03 3X 
AT27HC641 R-70LM/883 


5962-87515 
04 JX 
AT27HC641 R-90DM/883 


5962-87515 
04 KX 
AT27HC641 R-90CM/883 


5962-87515 
04 3X 
AT27HC641 R-90LM/883 
case Outline 


J 
24DW6, 24 Lead, 0.600" Wide, Windowed, 
Ceramic Duallnline 
Package (Cerdip) 


K 
24CW, 24 Lead, Windowed, 
Ceramic Flat Package (Cerpack) 


3 
28LW, 28 Pad, Windowed, 
Ceramic Leadless Chip Carrier (LCC) 


Lead Finish 


X 
Allows Hot Tin Dip or Gold (AU) 


A 
Hot Tin Dip 
C 
Gold (AU) 
• 


AlmEL 


AlmEL 


AT27HC642R 


Generic Number 
Standardized 
MIlitary Drawing Number 
Deacrlptlon 


27HC642R 
Drawing 
Devlc. 
C••• 
Lead 
Acce •• 


Number 
Type 
Outline 
Flnlah 
Circuit Deacrlptlon 
TIm. (na) 


5962-87515 
01 
L 
X,A,C 
8K X 8 [UVj PROM 
45 


5962-87515 
02 
L 
X,A,C 
8K X 8 [UVj PROM 
55 


5962-87515 
03 
L 
X,A,C 
8K X 8 [UVj PROM 
70 


5962-87515 
04 
L 
X,A,C 
8K X 8 [UVj PROM 
90 


Atm" e.g. No. 
Exampl.: 
Atmet Order Number 
Atm" 
Similar Part Number 


1FN41 
5962-87515 
01 LX 
AT27HC642R-45 
DM/883 


5962-87515 
02 LX 
AT27HC642R-55DM/883 


5962-87515 
03 LX 
AT27HC642R-70DM/883 


5962-87515 
04 LX 
AT27HC642R-90DM/883 


case Outline 


L 
I 
24DW3, 24 Lead, 0.300" Wide, Windowed, 
Ceramic Duallnline 
Package (Cerdip) 


Lead Finish 


X 
Allows Hot Tin Dip or Gold (AU) 


A 
Hot Tin Dip 
, 


C 
Gold (AU) 
-.. , 


AT28C64 


Generic Number 
SIIIndardlzed 
Mmlllry Drawing Number 
Deacrlptlon 


28C64 
Drawing 
Device 
Case 
Lead 
Circuit Deacrlptlon 
Write 
Acceaa 
Write 
Endurance 
Number 
Type 
Outline 
Finish 
End Write Indicator 
Mode 
TIme(ns) 
Speed(ma) 
(Cyclea) 


5962·87514 
13 
X,Y,l 
X,A,C 
8Kx 
8 E2PROM 
Byte 
350 
1 
10K 
Rdy/Busy 


5962·87514 
14 
X,Y 
X,A,C 
8Kx 
8 E2PROM 
Byte 
300 
1 
10K 
Rdy/Busy 


5962-87514 
15 
X,Y,l 
X,A,C 
8Kx 
8 E2PROM 
Byte 
250 
1 
10K 
Rdy/Busy 


5962-87514 
16 
X,Y 
X,A,C 
8Kx 
8 E2PROM 
Byte 
200 
1 
10K 
Rdy/Busy 


5962-87514 
17 
X,Y 
X,A,C 
8Kx 8 E2PROM 
Byte 
150 
1 
10K 
Rdy/Busy 


Atmel Cage No. 
Example: 
Atmel Order Number 
Atmel Similar Part Number 
1FN41 


5962-87514 
13 XX 
AT28C64·35DM/883 


5962·87514 
13 YX 
AT28C64·35LM/883 


5962·87514 
13 ZX 
AT28C64-35FM/883 


5962·87514 
14 XX 
AT28C64-30DM/883 


5962-87514 
14 YX 
AT28C64-30LM/883 


5962-87514 
15 XX 
AT28C64-25DM/883 


5962-87514 
15 YX 
AT28C64-25LM/883 


5962·87514 
15 ZX 
AT28C64·25FM/883 


5962·87514 
16 XX 
AT28C64·20DM/883 


5962-87514 
16 YX 
AT28C64·20LM/883 


5962-87514 
17 XX 
AT28C64·15DM/883 


5962-87514 
17 YX 
AT28C64·15LM/883 
case Outline 


X 
28D6, 28 Lead, 0.600· Wide, Non·Windowed, 
Ceramic Duallnline 
Package (Cerdip) 


Y 
32L, 32 Pad, Non-Windowed, 
Ceramic Leadless Chip Carrier (LCC) 


Z 
28F, 28 Lead, Non-Windowed, 
Ceramic Bottom·Brazed 
Flat Package (Flatpack) 


Lead Finish 


X 
Allows Hot Tin Dip or Gold (AU) 


A 
Hot Tin Dip 


C 
Gold (AU) 
II 


AlmEL 


AlmEL 


AT28C64X 


Generic Number 
Standardized 
Military Drawing Number 
Deacrlptlon 


28C64X 
Drawing 
Device 
case 
Lead 
Circuit Description 
Write 
Acce •• 
Write 
Endurance 
Number 
Type 
Outline 
Flnlah 
End Write Indicator 
Mode 
T1me(na) 
Speed(ma) 
(Cyclea) 


5962-87514 
18 
X,V 
X,A,C 
8Kx 8 E2pROM 
Byte 
350 
1 
10K 


Data Polling 


5962-87514 
19 
X,V 
X,A,C 
8Kx 
8 E2PROM 
Byte 
300 
1 
10K 


Data Polling 


5962-87514 
20 
X,V,Z 
X,A,C 
8Kx 
8 E2pROM 
Byte 
250 
1 
10K 


Data Polling 


5962-87514 
21 
X,V 
X,A,C 
8K x 8 E2PROM 
Byte 
200 
1 
10K 


Data Polling 


5962-87514 
22 
X,V 
X,A,C 
8Kx 
8 E2pROM 
Byte 
150 
1 
10K 


Data Polling 


Atmel cage No. 
Example: 
Atmel Order Number 
Atmel Similar Pari Number 


1FN41 
5962-87514 
18 XX 
AT28C64X-35DM/883 


5962-87514 
18 YX 
AT28C64X-35LM/883 


5962-87514 
19 XX 
AT28C64X-30DM/883 


5962-87514 
19 YX 
AT28C64X-30LM/883 


5962-87514 
20 XX 
AT28C64X-25DM/883 


5962-87514 
20 YX 
AT28C64X-25LM/883 


5962-87514 
20 ZX 
AT28C64X-25FM/883 


5962-87514 
21 XX 
AT28C64X-20DM/883 


5962-87514 
21 YX 
AT28C64X -20LM/883 


5962-87514 
22 XX 
AT28C64X-15DM/883 


5962-87514 
22 YX 
AT28C64X -15LM/883 


case Outline 


X 
2806, 28 Lead, 0.600" Wide, Non-Windowed, 
Ceramic Duallnline 
Package (Cerdip) 


Y 
32L, 32 Pad, Non-Windowed, 
Ceramic Leadless Chip Carrier (LCC) 


Z 
28F, 28 Lead, Non-Windowed, 
Ceramic Bottom-Brazed 
Flat Package (Flatpack) 


Lead Finish 
- 


X 
Allows Hot Tin Dip or Gold (AU) 


A 
Hot Tin Dip 
- 


C 
Gold (AU) 


AT28HC64L 
,~ 
. 


Generic Number 
Standardized 
Military Drawing Number 
Deacrlptlon 


28HC64L 
Drawing 
Device 
Case 
Lead 
Circuit Description 
Write 
Acceaa 
Write 
Endurance 


Number 
Type 
Outline 
Flnlah 
End Write Indicator 
Mode 
T1me(na) 
Speed(ma) 
(Cyclea) 


5962-87514 
10 
X,V 
X,A,C 
8Kx 8 E2PROM 
Byte/Page 
120 
2 
10K 


Data Polling 


5962-87514 
11 
X,V 
X,A,C 
8Kx 
8 E2PROM 
Byte/Page 
90 
2 
10K 


Data Polling 


5962-87514 
12 
X,V 
X,A,C 
8K x 8 E2PROM 
Byte/Page 
70 
2 
10K 


Data Polling 


Atmel Cage No. 
Example: 
Atmel Order Number 
Atmel Similar Part Number 


1FN41 
5962-87514 
10 XX 
AT28HC64L -12DM/883 


5962-87514 
10 YX 
AT28HC64L-12LM/883 


5962-87514 
11 XX 
AT28HC64L-90DM/883 


5962-87514 
11 YX 
AT28HC64L -90LM/883 


5962-87514 
12 XX 
AT28HC64L -70DM/883 


5962-87514 
12 YX 
AT28HC64L -70LM/883 


GaseOutline 


X 
2806, 28 Lead, 0.600" Wide, Non-Windowed, 
Ceramic Duallnline 
Package (Cerdip) 


Y 
32L, 32 Pad, Non-Windowed, 
Ceramic Leadless Chip Carrier (LCC) 


Lead Finish 
~ 


X 
Allows Hot Tin Dip or Gold (AU) 
- 


A 
Hot Tin Dip 


C 
Gold (AU) 
- 


• 


AlmEL 


AlmEL 


AT28PC64 


Generic Number 
Standardized 
Military Drawing Number 
Deacrlptlon 


28PC64 
Drawing 
Device 
C•• e 
Lead 
Circuit Deacrlptlon 
Write 
Acceaa 
Write 
Endurance 
Number 
Type 
Outline 
Flnlah 
End Write Indicator 
Mode 
Tlme(na) 
Speed(ma) 
(Cyclea) 


5962-87514 
06 
X,V 
X,A,C 
8K X 8 E2PROM 
Byte/Page 
350 
2 
10K 


Data Polling 


5962-87514 
07 
X,V 
X,A,C 
8Kx 
8 E2PROM 
Byte/Page 
300 
2 
10K 


Data Polling 


5962-87514 
08 
X, V 
X,A,C 
8K x 8 E2PROM 
Byte/Page 
250 
2 
10K 


Data Polling 


5962-87514 
09 
X,V 
X,A,C 
8Kx 8 E2PROM 
Byte/Page 
200 
2 
10K 


Data Polling 


Atm •• e.ge 
No. 
Example: 
Atm" 
Order Number 
Atm •• Similar Part Number 


1FN41 
5962-87514 
06 XX 
AT28 PC64-35DM/883 


5962-87514 
06 YX 
AT28PC64-35LM/883 


5962-87514 
07 XX 
AT28 PC64-30DM/883 


5962-87514 
07 YX 
AT28 PC64-30LM/883 


5962-87514 
08 XX 
AT28 PC64-25DM1883 


5962-87514 
08 YX 
AT28PC64-25LM/883 


5962-87514 
09 XX 
AT28PC64-20DM/883 


5962-87514 
09 YX 
AT28 PC64-20LM/883 


case 
Outline 


X 
2806, 28 Lead, 0.600" Wide, Non-Windowed, 
Ceramic Duallnline 
Package (Cerdip) 


Y 
32L, 32 Pad, Non-Windowed, 
Ceramic Leadless Chip Carrier (LCC) 


Lead Finish 


X 
Allows Hot Tin Dip or Gold (AU) 


A 
Hot Tin Dip 


C 
Gold (AU) 


AT28C256 


Generic Number 
Standardized 
MIlitary Drawing Number 
Deacrlptlon 


28C256 
Drawing 
Devtce 
C•• e 
Lead 
Circuit Deacrlptlon 
Write 
Acceaa 
Write 
Endurence 
Number 
Type 
Outline 
Flnlah 
End Write Indicator 
Mode 
T1ma(na) 
Spaad(ma) 
(Cyclea) 


5962-88525 
01 
U,X,Y,Z 
X,A,C 
32K X 8 E2PROM 
Byte/Page 
350 
10 
10K 
Data Polling 


5962-88525 
02 
U,X,Y,Z 
X,A,C 
32K x 8 E2PROM 
Byte/Page 
300 
10 
10K 
Data Polling 


5962-88525 
03 
U,X,Y,Z 
X,A,C 
32K x 8 E2PROM 
Byte/Page 
250 
10 
10K 


Data Polling 


5962-88525 
04 
U,X,Y,Z 
X,A,C 
32K x 8 E2PROM 
Byte/Page 
200 
10 
10K 


Data Polling 


5962-88525 
06 
U,X,Y,Z 
X,A,C 
32K x 8 E2PROM 
Byte/Page 
150 
10 
10K 


Data Polling 


Atmel Cage No. 
Example: 
Atmel Order Number 
Atmel Similar Part Number 


1FN41 
5962-88525 
01 UX 
AT28C256-35UM/883 


5962-88525 
01 XX 
AT28C256-35DM/883 


5962-88525 
01 YX 
AT28C256-35LM/883 


5962-88525 
01 ZX 
AT28C256-35FM/883 


5962-88525 
02 UX 
AT28C256-30UM/883 


5962-88525 
02 XX 
AT28C256-30DM/883 


5962-88525 
02 YX 
AT28C256-30LM/883 


5962-88525 
02 ZX 
AT28C256-30FM/883 


5962-88525 
03 UX 
AT28C256-25UM/883 


5962-88525 
03 XX 
AT28C256-25DM/883 


5962-88525 
03 YX 
AT28C256-25LM/883 


5962-88525 
03 ZX 
AT28C256-25FM/883 


5962-88525 
04 UX 
AT28C256-20UM/883 


5962-88525 
04 XX 
AT28C256-20DM/883 


5962-88525 
04 YX 
AT28C256-20LM/883 


5962-88525 
04 ZX 
AT28C256-20FM/883 


5962-88525 
06 UX 
AT28C256-15UM/883 


5962-88525 
06 XX 
AT28C256-15DM/883 


5962-88525 
06 YX 
AT28C256-15LM/883 


5962-88525 
06 ZX 
AT28C256-15FM/883 


C8seOutline 


U 
28U, 28 Pin, Ceramic Pin Grid Array (PGA) 


X 
2806, 28 Lead, 0.600" Wide, Non-Windowed, 
Ceramic Duallnline 
Package (Cerdip) 


Y 
32L, 32 Pad, Non-Windowed, 
Ceramic Leadless Chip Carrier (LCC) 


Z 
28F, 28 Lead, Non-Windowed, 
Ceramic Bottom-Brazed 
Flat Package (Flatpack) 


Lead Finish 


X 
Allows Hot Tin Dip or Gold (AU) 


A 
Hot Tin Dip 


C 
Gold (AU) 


II 


AlmEL 


AT28C256E 


Generic Number 
Standardized 
Military Drawing Number 
Deacrlptlon 


28C256E 
Drawing 
Device 
Caae 
Lead 
CIrcuit Deecrlptlon 
Write 
Acceaa 
Write 
Endurance 
Number 
Type 
Oulllne 
Flnlah 
End Write Indicator 
Mode 
TIme(na) 
Speed(ma) 
(Cyclea) 


5962-88525 
05 
U,X,Y,Z 
X,A,C 
32K X 8 E2PROM 
Byte/Page 
250 
10 
100K 


Data Polling 


Atmel Cage No. 
Example: 
Atmel Order Number 
Atmel SImilar Part Number 


1FN41 
5962-88525 
05 UX 
AT28C256E-25UM/883 


5962-88525 
05 XX 
AT28C256E-25DM/883 


5962-88525 
05 YX 
AT28C256E-25LM/883 


5962-88525 
05 ZX 
AT28C256E-25FM/883 


C8seOutline 


U 
28U, 28 Pin, Ceramic Pin Grid Array (PGA) 


X 
28D6, 28 Lead, 0.600· Wide, Non-Windowed, 
Ceramic Duallnline 
Package (Cerdip) 


Y 
32L, 32 Pad, Non-Windowed, 
Ceramic Leadless Chip Carrier (LCC) 


Z 
28F, 28 Lead, Non-Windowed, 
Ceramic Bottom-Brazed 
Flat Package (Flatpack) 


Lead Finish 


X 
Allows Hot Tin Dip or Gold (AU) 


A 
Hot Tin Dip 


C 
Gold (AU) 


AT28C256F 


Generic Number 
Standardized 
Military Drawing Number 
Deacrlptlon 


28C256F 
Drawing 
Device 
Ca•• 
Lead 
Circuit Description 
Write 
Acceaa 
Write 
Endurance 


Number 
Type 
Outline 
Flnlah 
End Write Indicator 
Mode 
T1me(na) 
Speed(ma) 
(Cyclea) 


5962-88525 
07 
U,X,Y,Z 
X,A,C 
32K X 8 E2PROM 
Byte/Page 
150 
3 
10K 


Data Polling 


Atmel Cage No. 
Exampta: 
Atmel Order Number 
Almel Similar Part Number 
1FN41 
5962-88525 
07 UX 
AT28C256F-15UM/883 


5962-88525 
07 XX 
AT28C256F-15DM/883 


5962-88525 
07 YX 
AT28C256F-15LM1883 


5962-88525 
07 ZX 
AT28C256F-15FM/883 


C8seOutline 


U 
28U, 28 Pin, Ceramic Pin Grid Array (PGA) 


X 
28D6, 28 Lead, 0.600" Wide, Non-Windowed, 
Ceramic Duallnline 
Package (Cerdip) 


Y 
32L, 32 Pad, Non-Windowed, 
Ceramic Leadless Chip Carrier (LCC) 


Z 
28F, 28 Lead, Non-Windowed, 
Ceramic Bottom-Brazed 
Flat Package (Flatpack) 


Lead Finish 


X 
Allows Hot Tin Dip or Gold (AU) 


A 
Hot Tin Dip 


C 
Gold (AU) 


AT28HC256 


Generic Number 
Standardized 
Military Drawing Number 
Deacrlptlon 


28HC256 
Drawing 
Device 
Ca•• 
Lead 
CirculI Description 
Wrlle 
Acceaa 
Write 
Endurance 


Number 
Type 
Oulllne 
Flnlah 
End Wrlle Indicator 
Mode 
T1me(na) 
Speed(ma) 
(Cyclea) 


5962-88634 
03 
U,X,Y,Z 
X,A,C 
32K X 8 E2PROM 
Byte/Page 
90 
10 
10K 


Data Polling 


Almel Cage No. 
Example: 
Atmel Order Number 
Almel Similar Part Number 


1FN41 
5962-88634 
03 UX 
AT28HC256-90UM/883 


5962-88634 
03 XX 
AT28HC256-90DM/883 


5962-88634 
03 YX 
AT28HC256-90LM/883 


5962-88634 
03 ZX 
AT28HC256-90FM/883 


C8seOutline 


U 
28U, 28 Pin, Ceramic Pin Grid Array (PGA) 


X 
28D6, 28 Lead, 0.600" Wide, Non-Windowed, 
Ceramic Duallnline 
Package (Cerdip) 


Y 
32L, 32 Pad, Non-Windowed, 
Ceramic Leadless Chip Carrier (LCC) 


Z 
28F, 28 Lead, Non-Windowed, 
Ceramic Bottom-Brazed 
Flat Package (Flatpack) 


Lead Finish 


X 
Allows Hot Tin Dip or Gold (AU) 


A 
Hot Tin Dip 


C 
Gold (AU) 
• 


AlmEL 


AlmEL 


AT28HC256F 


Generic Number 
Standardized 
Military Drawing Number 
Deacrlptlon 


28HC256F 
Drawing 
Device 
C•• e 
Lead 
Circuit Deacrlptlon 
Write 
Acce •• 
Write 
Endurance 


Number 
Type 
Outline 
Flnlah 
End Write Indicator 
Mode 
TIme(na) 
Speed(ma) 
(Cyclea) 


5962-88634 
04 
U,X,Y,Z 
X,A,C 
32K X 8 E2PROM 
Byte/Page 
90 
3 
10K 


Data Polling 


Atm" 
e.ge 
No. 
example: 
Atm" 
Order Number 
Atmel Similar Part Number 
1FN41 
5962-88634 
04 UX 
AT28HC256F-90UM/883 


5962-88634 
04 XX 
AT28HC256F-90DM1883 


5962-88634 
04 YX 
AT28HC256F-90LM/883 


5962-88634 
04 ZX 
AT28HC256F-90FM/883 


case Outline 


U 
28U, 28 Pin, Ceramic Pin Grid Array (PGA) 


X 
28D6, 28 Lead, 0.600" Wide, Non-Windowed, 
Ceramic Duallnline 
Package (Cerdip) 


Y 
32L, 32 Pad, Non-Windowed, 
Ceramic Leadless Chip Carrier (LCC) 


Z 
28F, 28 Lead. Non-Windowed, 
Ceramic Bottom-Brazed 
Flat Package (Flatpack) 


Lead Finish 


X 
Allows Hot Tin Dip or Gold (AU) 


A 
Hot Tin Dip 
~. 


C 
Gold (AU) 


AT28HC256L 


Generic Number 
Standardized 
Military Drawing Number 
Deacrlptlon 


28HC256L 
Drawing 
Device 
C•• e 
lead 
Circuit Deacrlptlon 
Write 
Acceaa 
Write 
Endurance 


Number 
Type 
Outline 
Flnlah 
End Write Indicator 
Mode 
T1me(na) 
Speed(ma) 
(Cyclea) 


5962-88634 
01 
U,X,Y,Z 
X,A,C 
32K x 8 E2PROM 
Byte/Page 
120 
10 
10K 


Data Polling 


Atm" e.g. No. 
Example: 
Atm" 
Order Number 
Atm" 
Similar Part Number 
1FN41 
5962-88634 
01 UX 
AT28HC256L-12UM/883 


5962-88634 
01 XX 
AT28HC256L -12DM/883 


5962-88634 
01 YX 
AT28HC256L -12LM/883 


5962-88634 
01 ZX 
AT28HC256L-12FM1883 


C8seOutline 


U 
28U, 28 Pin, Ceramic Pin Grid Array (PGA) 


X 
28D6, 28 Lead, 0.600" Wide, Non-Windowed, 
Ceramic Duallnline 
Package (Cerdip) 


Y 
32L, 32 Pad, Non-Windowed, 
Ceramic Leadless Chip Carrier (LCC) 


Z 
28F, 28 Lead, Non-Windowed, 
Ceramic Bottom-Brazed 
Flat Package (Flatpack) 


Lead Finish 


X 
Allows Hot Tin Dip or Gold (AU) 


A 
Hot Tin Dip 
. 


C 
Gold (AU) 


• 


AlmEL 


AT28HC256LF 


Generic Number 
Standardized 
Military DrawIng Number 
De8Crlptlon 


28HC256LF 
Drawing 
Device 
Cue 
Lead 
Circuit Description 
Write 
Acce •• 
WrIte 
Endurance 
Number 
Type 
Outline 
Flnlah 
End Write Indicator 
Mode 
T1me(na) 
Speed(ma) 
(Cyclea) 


5962-88634 
02 
U,X,Y,Z 
X,A,C 
32K X 8 E2PROM 
Byte/Page 
120 
3 
10K 


Data Polling 


Atmel Cage No. 
Example: 
Atmel Order Number 
Atmel Similar Part Number 
- 


1FN41 
5962-88634 
02 UX 
AT28HC256LF-12UM/883 


5962-88634 
02 XX 
AT28HC256LF-12DM/883 


5962-88634 
02 YX 
AT28HC256LF-12LM/883 


5962-88634 
02 ZX 
AT28HC256LF-12FM/883 


GaseOutline 


U 
28U, 28 Pin, Ceramic Pin Grid Array (PGA) 
, 


X 
2806,28 
Lead, 0.600" Wide, Non-Windowed, 
Ceramic Duallnline 
Package (Cerdip) 


Y 
32L, 32 Pad, Non-Windowed, 
Ceramic Leadless Chip Carrier (LCC) 
..• 


Z 
28F, 28 Lead, Non-Windowed, 
Ceramic Bottom-Brazed 
Flat Package (Flatpack) 
.. 


Lead Finish 


X 
Allows Hot Tin Dip or Gold (AU) 
" 
- 
, 


A 
Hot Tin Dip 
.., 


C 
Gold (AU) 
.- . 
. 


AT28C010 


Generic Number 
Standardized 
Military Drawing Number 
De8crlptJon 


28C010 
Drawing 
Device 
ease 
Lead 
Circuit Description 
Write 
Acce •• 
Write 
Endurance 
Number 
Type 
Oulllne 
Finish 
End Write Indicator 
Mode 
TIme(ns) 
Spd(ma) 
(Cycles) 


5962-38267 
01 
X,V,l 
X,A,C 
128K X 8, 1-Mbit E2PROM 
Byte/ 
250 
10 
10K 
Data Polling 
Page 


5962-38267 
03 
X,V,l 
X,A,C 
128K x 8, 1-Mbit E2PROM 
Byte/ 
200 
10 
10K 
Data Polling 
Page 


5962-38267 
05 
X,V,l 
X,A,C 
128K x 8, 1-Mbit E2PROM 
Byte/ 
150 
10 
10K 
Data Polling 
Page 


5962-38267 
07 
X,V,l 
X,A,C 
128K x 8, 1-Mbit E2PROM 
Byte/ 
120 
10 
10K 
Data Polling 
Page 


Atmel Cage No. 
Example: 
Atmel Order Number 
Atmel Similar Part Number 
lFN41 
5962-38267 
01 M XX 
AT28C010-25BM/883 


5962-38267 
01 M YX 
AT28C010-25LM/883 


5962-38267 
01M 
ZX 
AT28C010-25FM/883 


5962-38267 
03M 
XX 
AT28C010-20BM/883 


5962-38267 
03M 
YX 
AT28C010-20LM/883 


5962-38267 
03M 
ZX 
AT28C010-20FM/883 


5962-38267 
OSM XX 
AT28C010-15BM1883 


5962-38267 
05M 
YX 
AT28C010-15LM/883 


5962-38267 
05M ZX 
AT28C010-15FM/883 


5962-38267 
07M 
XX 
AT28C010-12BM/883 


5962-38267 
07M 
YX 
AT28C010-12LM/883 


5962-38267 
07M 
ZX 
AT28C010-12FM/883 


Case Outline 


L. 


X 
32B, 32 Lead, 0.600" Wide, Ceramic Side Braze Duallnline 
(Side Braze) 


Y 
44L, 44 Pad, Non-Windowed, 
Ceramic Leadless Chip Carrier (LCC) 


Z 
32F, 32 Lead, Non-Windowed, 
Ceramic Bottom-Brazed 
Flat Package (Flatpack) 


Lead Finish 


X 
Allows Hot Tin Dip or Gold (AU) 


A 
Hot Tin Dip 


C 
Gold (AU) 
• 


AlmEL 


AlmEL 


5962-38267 


Atm" 
Order Number 
Atm •• Similar Part Number 
Circuit Deecrlptlon 
Write 
Access 
Write 
Endur. 


End Write Indicator 
Mode 
nrne(ns) 
Spd.(ms) 
(Cycles) 


5962-38267 
01M XX 
AT28C010-25BM/883 
128K X 8, 1-Mbit E2PROM 
Byte/ 
250 
10 
10K 


Data Polling 
Page 


5962-38267 
01 M YX 
AT28C010-25LM/883 
128K x 8, 1-Mbit E2PROM 
Byte/ 
250 
10 
10K 


Data Polling 
Page 


5962-38267 
01M ZX 
AT28C010-25FM/883 
128K x 8, 1-Mbit E2PROM 
Byte/ 
250 
10 
10K 


Data Polling 
Page 


5962-38267 
03M 
XX 
AT28C010-20BM/883 
128K x 8, 1-Mbit E2PROM 
Byte/ 
200 
10 
10K 


Data Polling 
Page 


5962-38267 
03M YX 
AT28C010-20LM/883 
128K x 8, 1-Mbit E2PROM 
Byte/ 
200 
10 
10K 


Data Polling 
Page 


5962-38267 
03M 
ZX 
AT28C010-20FM/883 
128K x 8, 1-Mbit E2PROM 
Byte/ 
200 
10 
10K 


Data Polling 
Page 


5962-38267 
05M 
XX 
AT28C010-15BM/883 
128K x 8, 1-Mbit E2PROM 
Byte/ 
150 
10 
10K 


Data Polling 
Page 


5962-38267 
05M 
YX 
AT28C010-15LM/883 
128K x 8, 1-Mbit E2PROM 
Byte/ 
150 
10 
10K 


Data Polling 
Page 


5962-38267 
05M ZX 
AT28C010-15FM/883 
128K x 8, 1-Mbit E2PROM 
Byte/ 
150 
10 
10K 


Data Polling 
Page 


5962-38267 
07M 
XX 
AT28C010-12BM/883 
128K x 8, 1-Mbit E2PROM 
Byte/ 
120 
10 
10K 


Data Polling 
Page 


5962-38267 
07M 
YX 
AT28C010-12LM/883 
128K x 8, 1-Mbit E2PROM 
Byte/ 
120 
10 
10K 


Data Polling 
Page 


5962-38267 
07M 
ZX 
AT28C010-12FM/883 
128K x 8, 1-Mbit E2PROM 
Byte/ 
120 
10 
10K 


Data Polling 
Page 


5962-86063 


Almel Order Number 
Almel SImilar Part Number 
CirculI Deacrlpllon 
ACC8aa 


I 
Time (na) 


5962-86063 
01 XX 
AT27C256R-20DM/883 
32Kx8 
EPROM 
200 


5962-86063 
01 YX 
AT27C256R-20LM/883 
32K x8 EPROM 
200 


5962-86063 
01 ZX 
AT27C256R-20KM/883 
32Kx8 
EPROM 
200 


5962-86063 
02 XX 
AT27C256R-25DM/883 
32K x8 EPROM 
250 


5962-86063 
02 YX 
AT27C256R-25LM/883 
32K x8 EPROM 
250 


5962-86063 
02 ZX 
AT27C256R-25KM/883 
32Kx 
8 EPROM 
250 


5962-86063 
03 XX 
AT27C256R-30DM/883 
32Kx 
8 EPROM 
300 


5962-86063 
03 YX 
AT27C256R-30LM/883 
32K x 8 EPROM 
300 


5962-86063 
03 ZX 
AT27C256R-30KM/883 
32Kx 
8 EPROM 
300 


5962-86063 
04 XX 
AT27C256R-17DM/883 
32Kx8 
EPROM 
170 


5962-86063 
04 YX 
AT27C256R-17LM/883 
32K x 8 EPROM 
170 


5962-86063 
04 ZX 
AT27C256R-17KM/883 
32Kx 
8 EPROM 
170 


5962-86063 
05 XX 
AT27C256R-15DM/883 
32Kx 
8 EPROM 
150 


5962-86063 
05 YX 
AT27C256R-15LM/883 
32Kx8 
EPROM 
150 


5962-86063 
05 ZX 
AT27C256R-15KM/883 
32K x8 EPROM 
150 


5962-86063 
06 XX 
AT27C256R-12DM/883 
32K x8 EPROM 
120 


5962-86063 
06 YX 
AT27C256R-12LM/883 
32K x8 EPROM 
120 


5962-86063 
06 ZX 
AT27C256R-12KM/883 
32K x8 EPROM 
120 


5962-86063 
07 XX 
AT27C256R-90DM/883 
32K x8 EPROM 
90 


5962-86063 
07 YX 
AT27C256R-90LM/883 
32Kx8 
EPROM 
90 


5962-86063 
07 ZX 
AT27C256R-90KM/883 
32K x8 EPROM 
90 


5962-86063 
08 XX 
AT27HC256R-70DM/883 
32Kx 
8 EPROM 
70 


5962-86063 
08 YX 
AT27HC256R-70LM/883 
32K X 8 EPROM 
70 


5962-86063 
08 ZX 
AT27HC256R-70KM/883 
32K x8 EPROM 
70 
• 


AlmEL 


AlmEL 


5962-86805 


Atmel Similar Part Number 
Circuit Deecrlptlon 
Acceaa 
Atmel Order Number 
Time (ns) 


5962-86805 
01 ax 
AT27C 1024-30 DM/883 
64K x 16, 1-Mbit EPROM 
300 


5962-86805 
01 xx 
AT27C 1024-30LM/883 
64K x 16, 1-Mbit EPROM 
300 


5962-86805 
02 ax 
AT27C1024-25DM/883 
64K x 16, 1-Mbit EPROM 
250 


5962-86805 
02 xx 
AT27C 1024-25LM/883 
64K x 16, 1-Mbit EPROM 
250 


5962-86805 
03 ax 
AT27C 1024-20 DM/883 
64K x 16, 1-Mbit EPROM 
200 


5962-86805 
03 xx 
AT27C 1024-20LM/883 
64K x 16, 1-Mbit EPROM 
200 


5962-86805 
04 ax 
AT27C1024-17DM/883 
64K x 16, 1-Mbit EPROM 
170 


5962-86805 
04 xx 
AT27C 1024-17LM/883 
64K x 16, 1-Mbit EPROM 
170 


5962-86805 
05 ax 
AT27C1024-15DM/883 
64K x 16, 1-Mbit EPROM 
150 


5962-86805 
05 xx 
AT27C1024-15LM/883 
64K x 16, 1-Mbit EPROM 
150 


5962-86805 
06 ax 
AT27C1024-12DM/883 
64K x 16, 1-Mbit EPROM 
120 


5962-86805 
06 xx 
AT27C1024-12LM/883 
64K x 16, 1-Mbit EPROM 
120 


5962-86805 
07 ax 
AT27HC 1024-90 DM/883 
64K x 16, 1-Mbit EPROM 
90 


5962-86805 
07 xx 
AT27HC 1024-90LM/883 
64K x 16, 1-Mbit EPROM 
90 


5962-86805 
08 ax 
AT27HC 1024-70DM/883 
64K x 16, 1-Mbit EPROM 
70 


5962-86805 
08 xx 
AT27HC 1024-70LM/883 
64K x 16, 1-Mbit EPROM 
70 


.. 


5962-87514 


Atmel Order Number 
Atmel Similar Part Number 
Circuit Description 
Write 
Access 
Write 
Endur. 


End Write Indicator 
Mode 
Tlme(ns) 
Spd.(ma) 
(Cycles) 


5962-87514 
06 XX 
AT28PC64-35DM/883 
8K x 8 E2PROM 
Byte/Page 
350 
2 
10K 


Data Polling 


5962-87514 
06 YX 
AT28 PC64-35LM/883 
8K x 8 E2PROM 
Byte/Page 
350 
2 
10K 


Data Polling 


5962-87514 
07 xx 
AT28 PC64-30DM/883 
8Kx 8 E2PROM 
Byte/Page 
300 
2 
10K 


Data Polling 


5962-87514 
07 YX 
AT28PC64-30LM/883 
8Kx 
8 E2PROM 
Byte/Page 
300 
2 
10K 


Data Polling 


5962-87514 
08 xx 
AT28PC64-25DM/883 
8K x 8 E2PROM 
Byte/Page 
250 
2 
10K 


Data Polling 


5962-87514 
08 YX 
AT28 PC64-25LM/883 
8K x 8 E2PROM 
Byte/Page 
250 
2 
10K 


Data Polling 


5962-87514 
09 XX 
AT28PC64-20DM/883 
8K x 8 E2PROM 
Byte/Page 
200 
2 
10K 


Data Polling 


5962-87514 
(continued) 


Atmel Order Number 
Atmel Similar Part Number 
Circuit Description 
Write 
Acceaa 
Write 
Endur. 


End Write Indicator 
Mode 
Tlme(ns) 
Spd.(ms) 
(Cycles) 


5962-87514 
09 YX 
AT28 PC64-20LM/883 
8K X 8 E2PROM 
Byte/Page 
200 
2 
10K 


Data Polling 


5962-87514 
10 XX 
AT28HC64L-12DM/883 
8Kx 
8 E2PROM 
Byte/Page 
120 
2 
10K 


Data Polling 


5962-87514 
10 YX 
AT28HC64L-12LM/883 
8K x 8 E2PROM 
Byte/Page 
120 
2 
10K 


Data Polling 


5962-87514 
11 XX 
AT28HC64L-90DM/883 
8K x 8 E2PROM 
Byte/Page 
90 
2 
10K 


Data Polling 


5962-87514 
11 YX 
AT28HC64L -90LM/883 
8K x 8 E2PROM 
Byte/Page 
90 
2 
10K 


Data Polling 


5962-87514 
12 XX 
AT28HC64L -70DM/883 
8K x 8 E2PROM 
Byte/Page 
70 
2 
10K 


Data Polling 


5962-87514 
12 YX 
AT28HC64L -70LM/883 
8K x 8 E2PROM 
Byte/Page 
70 
2 
10K 


Data Polling 


5962-87514 
13 XX 
AT28C64-35DM/883 
8K x 8 E2PROM 
Byte 
350 
1 
10K 


Rdy/Busy 


5962-87514 
13 YX 
AT28C64-35LM/883 
8K x 8 E2PROM 
Byte 
350 
1 
10K 


Rdy/Busy 


5962-87514 
13 ZX 
AT28C64-35FM/883 
8K x 8 E2PROM 
Byte 
350 
1 
10K 


Rdy/Busy 


5962-87514 
14 XX 
AT28C64-30DM/883 
8Kx 
8 E2PROM 
Byte 
300 
1 
10K 


Rdy/Busy 


5962-87514 
14 YX 
AT28C64-30LM/883 
8K x 8 E2PROM 
Byte 
300 
1 
10K 


Rdy/Busy 


5962-87514 
15 XX 
AT28C64-25DM/883 
8Kx 
8 E2PROM 
Byte 
250 
1 
10K 


Rdy/Busy 


5962-87514 
15 YX 
AT28C64-25LM/883 
8K x 8 E2PROM 
Byte 
250 
1 
10K 


Rdy/Busy 


5962-87514 
15 ZX 
AT28C64-25FM/883 
8K x 8 E2PROM 
Byte 
250 
1 
10K 


Rdy/Busy 


5962-87514 
16 XX 
AT28C64-20DM/883 
8K x 8 E2PROM 
Byte 
200 
1 
10K 


Rdy/Busy 


5962-87514 
16 YX 
AT28C64-20LM/883 
8K x 8 E2PROM 
Byte 
200 
1 
10K 


Rdy/Busy 


5962-87514 
17 XX 
AT28C64-15DM/883 
8K x 8 E2PROM 
Byte 
150 
1 
10K 


Rdy/Busy 


5962-87514 
17 YX 
AT28C64-15LM/883 
8K x 8 E2PROM 
Byte 
150 
1 
10K 


Rdy/Busy 


5962-87514 
18 XX 
AT28C64X-35DM/883 
8K x 8 E2PROM 
Byte 
350 
1 
10K 


Data Polling 
• 


AlmEL 


AlmEL 


5962·87514 
(continued) 


Atm" 
Order Number 
Atm" 
Similar Pari Number 
Circuit Deacrlptlon 
Write 
ACC8aa 
Write 
Endur. 


End Write Indicator 
Mode 
T1ma(na) 
Spd.(ma) 
(Cyclea) 


5962-87514 
18 YX 
AT28C64X-35LMI883 
8K X 8 E2PROM 
Byte 
350 
1 
10K 


Data Polling 


5962-87514 
19 XX 
AT28C64X-30DM/883 
8Kx 8 E2PROM 
Byte 
300 
1 
10K 


Data Polling 


5962-87514 
19 YX 
AT28C64X-30LMI883 
8Kx 
8 E2PROM 
Byte 
300 
1 
10K 


Data Polling 


5962-87514 
20 XX 
AT28C64X-25DM/883 
8K x 8 E2PROM 
Byte 
250 
1 
10K 


Data Polling 


5962-87514 
20 YX 
AT28C64X-25LM/883 
8Kx 
8 E2PROM 
Byte 
250 
1 
10K 


Data Polling 


5962-87514 
20 ZX 
AT28C64X-25FM/883 
8K x 8 E2PROM 
Byte 
250 
1 
10K 


Data Polling 


5962-87514 
21 XX 
AT28C64X-20DM/883 
8Kx 8 E2PROM 
Byte 
200 
1 
10K 


Data Polling 


5962-87514 
21 YX 
AT28C64X-20LM/883 
8Kx 
8 E2PROM 
Byte 
200 
1 
10K 


Data Polling 


5962-87514 
22 XX 
AT28C64X-15DM/883 
8Kx 
8 E2PROM 
Byte 
150 
1 
10K 


Data Polling 


5962-87514 
22 YX 
AT28C64X-15LM/883 
8K x 8 E2PROM 
Byte 
150 
1 
10K 


Data Polling 


5962-87515 


Atmel Order Number 
Almel Similar Part Number 
Circuit Description 
Acce •• 
Time (n8) 


5962-87515 
01 JX 
AT27HC641 R-45 DM/883 
8K X 8 [UVI PROM 
45 


5962-87515 
01 KX 
AT27HC641 R-45CM/883 
8K X 8 [UVI PROM 
45 


5962-87515 
01 LX 
AT27HC642R-45DM/883 
8K X 8 [UVI PROM 
45 


5962-87515 
01 3X 
AT27HC641 R-45LM/883 
8K X 8 [UVI PROM 
45 


5962-87515 
02 JX 
AT27HC641 R-55 DM/883 
8K X 8 [UVI PROM 
55 


5962-87515 
02 KX 
AT27HC641 R-55CM/883 
8K X 8 [UVI PROM 
55 


5962-87515 
02 LX 
AT27HC642R-55DM/883 
8K X 8 [UV] PROM 
55 


5962-87515 
02 3X 
AT27HC641 R-55LM/883 
8K X 8 [UVI PROM 
55 


5962-87515 
03 JX 
AT27HC641 R-70 DM/883 
8K X 8 [UV] PROM 
70 


5962-87515 
03 KX 
AT27HC641 R-70CM/883 
8K X 8 [UVI PROM 
70 


5962-87515 
03 LX 
AT27HC642R-70 
DM/883 
8K X 8 [UVI PROM 
70 


5962-87515 
03 3X 
AT27HC641 R-70LM/883 
8K X 8 [UVI PROM 
70 


5962-87515 
04 JX 
AT27HC641 R-90 DM/883 
8K X 8 [UVI PROM 
90 


5962-87515 
04 KX 
AT27HC641 R-90CM/883 
8K X 8 [UVI PROM 
90 


5962-87515 
04 LX 
AT27HC642R-90DM/883 
8K X 8 [UVI PROM 
90 


5962-87515 
04 3X 
AT27HC641 R-90LM/883 
8K X 8 [UVI PROM 
90 


• 


AlmEL 


AlmEL 


5962-87539 


AIm" 
Order Number 
AIm" 
Similer Pert Number 
Circuit Description 
Access 
TIme (ns) 


5962-87539 
01 KX 
AT22V10-25YM/883 
22-lnput, 
1O-Output and-or-Logic 
Array 
25 


5962-87539 
01 LX 
AT22V10-25DM/883 
22-lnput, 10-0utput 
and-or-Logic 
Array 
25 


5962-87539 
01 3X 
AT22V1 0-25LM/883 
22-lnput, 10-0utput 
and-or-Logic 
Array 
25 


5962-87539 
02 KX 
AT22V10-30YM/883 
22-lnput, 1O-Output and-or-Logic 
Array 
30 


5962-87539 
02 LX 
AT22V10-30DM/883 
22-lnput, 
1O-Output and-or-Logic 
Array 
- 
30 


5962-87539 
02 3X 
AT22V10-30LM/883 
22-lnput, 
10-0utput 
and-or-Logic 
Array 
30 


5962-87539 
03 KX 
AT22V10-40YM/883 
22-lnput, 
10-Output and-or-Logic 
Array 
40 


5962-87539 
03 LX 
AT22V10-40DM/883 
22-lnput, 
1O-Output and-or-Logic 
Array 
40 


5962-87539 
03 3X 
AT22V10-40LM/883 
22-lnput, 10-0utput 
and-or-Logic 
Array 
40 


5962-87539 
04 KX 
AT22V1 0-20YM/883 
22-lnput, 1O-Output and-or-Logic 
Array 
20 


5962-87539 
04 LX 
AT22V10-20DM/883 
22-lnput, 
10-0utput 
and-or-Logic 
Array 
20 


5962-87539 
04 3X 
AT22V10-20LM/883 
22-lnput, 
1O-Output and-or-Logic 
Array 
20 


5962-87648 


AIm" 
Order Number 
Almel Slmller Part Number 
CirculI Descrlpllon 
Access 
TIme (ns) 


5962-87648 
01 XX 
AT27C512R-15DM/883 
64K x8 EPROM 
150 


5962-87648 
01 YX 
AT27C512R-15LM/883 
64Kx 
8 EPROM 
150 


5962-87648 
01 ZX 
AT27C512R-15KM/883 
64K x8 EPROM 
150 


5962-87648 
02 XX 
AT27C512R-20DM/883 
64K x8 EPROM 
200 


5962-87648 
02 YX 
AT27C512R-20LM/883 
64Kx8 
EPROM 
200 


5962-87648 
02 ZX 
AT27C512R-20KM/883 
64K x8 EPROM 
200 


5962-87648 
03 XX 
AT27C512R-25DM/883 
64Kx 
8 EPROM 
250 


5962-87648 
03 YX 
AT27C512R-25LM/883 
64Kx 
8 EPROM 
250 


5962-87648 
03 ZX 
AT27C512R-25KM/883 
64Kx8 
EPROM 
250 


5962-87648 
04 XX 
AT27C512R-12DM/883 
64Kx 
8 EPROM 
120 


5962-87648 
04 YX 
AT27C512R-12LM/883 
64Kx 
8 EPROM 
120 


5962-87648 
04 ZX 
AT27C512R-12KM/883 
64Kx 
8 EPROM 
120 


5962-88525 


~ 
.. 


Atmel Order Number 
Atmel Similar Part Number 
Circuit Description 
Write 
Acceaa 
Write 
Endur. 
End Write Indicator 
Mode 
T1me(ns) 
Spd.(ms) 
(Cycles) 


5962-88525 
01 UX 
AT28C256-35UM/883 
32K X 8 E2PROM 
Byte/Page 
350 
10 
10K 
Data Polling 


5962-88525 
01 XX 
AT28C256-35DM/883 
32K x 8 E2PROM 
Byte/Page 
350 
10 
10K 


Data Polling 


5962-88525 
01 YX 
AT28C256-35LM/883 
32K x 8 E2PROM 
Byte Page 
350 
10 
10K 


Data Polling 


5962-88525 
01 ZX 
AT28C256-35FM/883 
32K x 8 E2PROM 
Byte/Page 
350 
10 
10K 


Data Polling 


5962-88525 
02 UX 
AT28C256-30UM/883 
32K x 8 E2PROM 
Byte/Page 
300 
10 
10K 


Data Polling 


5962-88525 
02 XX 
AT28C256-30DM/883 
32K x 8 E2PROM 
Byte/Page 
300 
10 
10K 


Data Polling 


5962-88525 
02 YX 
AT28C256-30LM/883 
32K x 8 E2PROM 
Byte/Page 
300 
10 
10K 


Data Polling 


5962-88525 
02 ZX 
AT28C256-30FM/883 
32K x 8 E2PROM 
Byte/Page 
300 
10 
10K 


Data Polling 


5962-88525 
03 UX 
AT28C256-25UM/883 
32K x 8 E2PROM 
Byte/Page 
250 
10 
10K 


Data Polling 


5962-88525 
03 XX 
AT28C256-25DM/883 
32K x 8 E2PROM 
Byte/Page 
250 
10 
10K 


Data Polling 


5962-88525 
03 YX 
AT28C256-25LM/883 
32K x 8 E2PROM 
Byte/Page 
250 
10 
10K 


Data Polling 


5962-88525 
03 ZX 
AT28C256-25FM/883 
32K x 8 E2PROM 
Byte/Page 
250 
10 
10K 


Data Polling 


5962-88525 
04 
UX 
AT28C256-20UM/883 
32K x 8 E2PROM 
Byte/Page 
200 
10 
10K 


Data Polling 


5962-88525 
04 XX 
AT28C256-20DM/883 
32K x 8 E2PROM 
Byte/Page 
200 
10 
10K 


Data Polling 


5962-88525 
04 YX 
AT28C256-20LM/883 
32K x 8 E2PROM 
Byte/Page 
200 
10 
10K 


Data Polling 


5962-88525 
04 ZX 
AT28C256-20FM/883 
32K x 8 E2PROM 
Byte/Page 
200 
10 
10K 


Data Polling 


5962-88525 
05 
UX 
AT28C256E-25UM/883 
32K x 8 E2PROM 
Byte/Page 
250 
10 
100K 


Data Polling 


5962-88525 
05 XX 
AT28C256E-25DM/883 
32K x 8 E2PROM 
Byte/Page 
250 
10 
100K 


Data Polling 


5962-88525 
05 YX 
AT28C256E-25LM/883 
32K x 8 E2PROM 
Byte/Page 
250 
10 
100K 


Data Polling 


5962-88525 
05 ZX 
AT28C256E-25FM/883 
32K x 8 E2PROM 
Byte/Page 
250 
10 
100K 


Data Polling 
• 


AlmEL 


AlmEL 


5962-88525 
(continued) 


Atmel Order Number 
Atmel Similar Part Number 
Circuit Deacrlptlon 
Write 
Acce •• 
Write 
Endur. 


End Write Indicator 
Mode 
nme(na) 
Spd.(ma) 
(Cyclea) 


5962-88525 
06 UX 
AT28C256-15UM/883 
32K X 8 E2PROM 
Byte/Page 
150 
10 
10K 
Data Polling 


5962-88525 
06 XX 
AT28C256-15DM/883 
32K x 8 E2PROM 
Byte/Page 
150 
10 
10K 
Data Polling 


5962-88525 
06 YX 
AT28C256-15LM/883 
32K x 8 E2PROM 
Byte/Page 
150 
10 
10K 
Data Polling 


5962-88525 
06 ZX 
AT28C256-15FM/883 
32K x 8 E2PROM 
Byte/Page 
150 
10 
10K 
Data Polling 


5962-88525 
07 UX 
AT28C256F-15UM/883 
32K x 8 E2PROM 
Byte/Page 
150 
3 
10K 
Data Polling 


5962-88525 
07 XX 
AT28C256F-15DM/883 
32K x 8 E2PROM 
Byte/Page 
150 
3 
10K 
Data Polling 


5962-88525 
07 YX 
AT28C256F-15LM/883 
32K x 8 E2PROM 
Byte/Page 
150 
3 
10K 
Data Polling 


5962-88525 
07 ZX 
AT28C256F-15FM/883 
32K x 8 E2PROM 
Byte/Page 
150 
3 
10K 
Data Polling 


5962-88634 


Atm" 
Order Number 
Atm" 
Similar Part Number 
Circuit Deacrlptlon 
Write 
Acce •• 
Write 
Endur. 
End Write Indlcetor 
Mode 
T1me(na) 
Spd.(ma) 
(Cyclea) 


5962-88634 
01 
UX 
AT28HC256L-12UM/883 
32K X 8 E2PROM 
Byte/Page 
120 
10 
10K 
Data Polling 


5962-88634 
01 XX 
AT28HC256L -12DM/883 
32K x 8 E2PROM 
Byte/Page 
120 
10 
10K 
Data Polling 


5962-88634 
01 YX 
AT28HC256L -12LM/883 
32K x 8 E2PROM 
Byte/Page 
120 
10 
10K 
Data Polling 


5962-88634 
01 ZX 
AT28HC256L-12FM/883 
32K x 8 E2PROM 
Byte/Page 
120 
10 
10K 
Data Polling 


5962-88634 
02 
UX 
AT28HC256LF-12UM/883 
32K x 8 E2PROM 
Byte/Page 
120 
3 
10K 
Data Polling 


5962-88634 
02 XX 
AT28HC256LF-12DM/883 
32K x 8 E2PROM 
Byte/Page 
120 
3 
10K 
Data Polling 


5962-88634 
02 YX 
AT28HC256LF 
-12LM/883 
32K x 8 E2PROM 
Byte/Page 
120 
3 
10K 
Data Polling 


5962-88634 
02 ZX 
AT28HC256LF-12FM/883 
32K x 8 E2PROM 
Byte/Page 
120 
3 
10K 
Data Polling 


5962-88634 
03 UX 
AT28HC256-90UM/883 
32K x 8 E2PROM 
Byte/Page 
90 
10 
10K 
Data Polling 


5962-88634 
03 XX 
AT28HC256-90DM/883 
32K x 8 E2PROM 
Byte/Page 
90 
10 
10K 
Data Polling 


5962-88634 
03 YX 
AT28HC256-90LM/883 
32K x 8 E2PROM 
Byte/Page 
90 
10 
10K 
Data Polling 


5962-88634 
03 ZX 
AT28HC256-90FM/883 
32K x 8 E2PROM 
Byte/Page 
90 
10 
10K 
Data Polling 


5962-88634 
04 UX 
AT28HC256F-90UM/883 
32K x 8 E2PROM 
Byte/Page 
90 
3 
10K 
Data Polling 


5962-88634 
04 XX 
AT28HC256F-90DM/883 
32K x 8 E2PROM 
Byte/Page 
90 
3 
10K 
Data Polling 


5962-88634 
04 YX 
AT28HC256F-90LM/883 
32K x 8 E2PROM 
Byte/Page 
90 
3 
10K 
Data Polling 


5962-88634 
04 ZX 
AT28HC256F-90FM/883 
32K x 8 E2PROM 
Byte/Page 
90 
3 
10K 
Data Polling 


AlmEL 
• 


" 
5962-88670 


Atmel Order Number 
Atmel Similar Part Number 
Circuit Description 
Acce •• 
TIme (ns) 


5962-88670 
01 KX 
AT22V10-25FM/883 
22-lnput, 
1O-Output and-or-Logic 
Array 
25 


5962-88670 
01 LX 
AT22V10-25GM/883 
22-lnput, 
1O-Output and-or-Logic 
Array 
25 


5962-88670 
01 3X 
AT22V10-25NM/883 
22-lnput, 1O-Output and-or-Logic 
Array 
25 


5962-88670 
02 KX 
AT22V10-30FM/883 
22-lnput, 
10-0utput 
and-or-Logic 
Array 
30 


5962-88670 
02 LX 
AT22V10-30GM/883 
22-lnput, 
1O-Output and-or-Logic 
Array 
30 


5962-88670 
02 3X 
AT22V10-30NM/883 
22-lnput, 1O-Output and-or-Logic 
Array 
30 


5962-88670 
03 KX 
AT22V10-40FM/883 
22-lnput, 1O-Output and-or-Logic 
Array 
40 


5962-88670 
03 LX 
AT22V1 0-40GM/883 
22-lnput, 
1O-Output and-or-Logic 
Array 
40 


5962-88670 
03 3X 
AT22V10-40NM/883 
22-lnput, 
1O-Output and-or-Logic 
Array 
40 


5962-88670 
04 KX 
AT22V10-20FM/883 
22-lnput, 1O-Output and-or-Logic 
Array 
20 


5962-88670 
04 LX 
AT22V10-20GM/883 
22-lnput, 1O-Output and-or-Logic 
Array 
20 


5962-88670 
04 3X 
AT22V10-20NM/883 
22-lnput, 
1O-Output and-or-Logic 
Array 
20 


5962-88670 
05 KX 
AT22V10-15FM/883 
22-lnput, 1O-Output and-or-Logic 
Array 
15 


5962-88670 
05 LX 
AT22V10-15GM/883 
22-lnput, 
1O-Output and-or-Logic 
Array 
15 


5962-88670 
05 3X 
AT22V10-15NM/883 
22-lnput, 
1O-Output and-or-Logic 
Array 
15 


5962-88724 
, 


Atmel Order Number 
Atmel Similar Part Number 
Circuit Description 
Acce •• 
TIme (ns) 


5962-88724 
01 KX 
AT22V10L-25YM/883 
22-lnput, 
1O-Output and-or-Logic 
Array 
25 


5962-88724 
01 LX 
AT22V10L-250M/883 
22-lnput, 
1O-Output and-or-Logic 
Array 
25 


5962-88724 
01 3X 
AT22V1 OL-25LM/883 
22-lnput, 1O-Output and-or-Logic 
Array 
25 


5962-88724 
02 KX 
AT22V10L-30YM/883 
22-lnput, 1O-Output and-or-Logic 
Array 
30 


5962-88724 
02 LX 
AT22V1 OL-300M/883 
22-lnput, 1O-Output and-or-Logic 
Array 
30 


5962-88724 
02 3X 
AT22V10L-30LM/883 
22-lnput, 
1O-Output and-or-Logic 
Array 
30 


5962-88724 
03 KX 
AT22V10L-40YM/883 
22-lnput, 
1O-Output and-or-Logic 
Array 
40 


5962-88724 
03 LX 
AT22V1 OL-400M/883 
22-lnput, 1O-Output and-or-Logic 
Array 
40 


5962-88724 
03 3X 
AT22V1 OL-40LM/883 
22-lnput, 1O-Output and-or-Logic 
Array 
40 


5962-88724 
04 KX 
AT22V10L-20YM/883 
22-lnput, 1O-Output and-or-Logic 
Array 
20 


5962-88724 
04 LX 
AT22V1 OL-200M/883 
22-lnput, 1O-Output and-or-Logic 
Array 
20 


5962-88724 
04 3X 
AT22V1 OL-20LM/883 
22-lnput, 
1O-Output and-or-Logic 
Array 
20 


5962-88726 


Atmel Order Number 
Atmel Similar Part Number 
Circuit DescrIption 
Acceaa 
TIm. (na) 


5962-88726 
01 LX 
ATV750-40DM/883 
22-lnput, 
1O-Output and-or-Logic 
Array 
40 


5962-88726 
01 3X 
ATV750-40LM/883 
22-lnput, 
1O-Output and-or-Logic 
Array 
40 


5962-88726 
02 LX 
ATV750-35DM/883 
22-lnput, 
1O-Output and-or-Logic 
Array 
35 


5962-88726 
02 3X 
ATV750-35LM/883 
22-lnput, 
1O-Output and-or-Logic 
Array 
35 


5962-88726 
03 LX 
ATV750-25DM/883 
22-lnput, 
1O-Output and-or-Logic 
Array 
25 


5962-88726 
03 3X 
ATV750-25LM/883 
22-lnput, 
1O-Output and-or-Logic 
Array 
25 


5962-88726 
04 LX 
ATV750-20DM/883 
22-lnput, 1O-Output and-or-Logic 
Array 
20 


5962-88726 
04 3X 
ATV750-20LM/883 
22-lnput, 1O-Output and-or-Logic 
Array 
20 


5962-88726 
06 LX 
ATV750L-30DM/883 
22-lnput, 10-0utput 
and-or-Logic 
Array 
30 


5962-88726 
06 3X 
ATV750L -30LM/883 
22-lnput, 
10-0utput 
and-or-Logic 
Array 
30 


5962-88726 
07 LX 
ATV750L-25DM/883 
22-lnput, 
10-0utput 
and-or-Logic 
Array 
25 


5962-88726 
07 3X 
ATV750L-25LM/883 
22-lnput, 10-0utput 
and-or-Logic 
Array 
25 


5962-89614 


Atmel Order Number 
Atmel Similar Part Number 
Circuit Description 
Acceaa 
TIm. (na) 


5962-89614 
01M 
XX 
AT27C010-30DM/883 
128K X 8, 1-Mbit EPROM 
300 


5962-89614 
01M 
YX 
AT27C010-30LM/883 
128K X 8, 1-Mbit EPROM 
300 


5962-89614 
02M 
XX 
AT27C010-25DM/883 
128K X 8, 1-Mbit EPROM 
250 


5962-89614 
02M YX 
AT27C010-25LM/883 
128K X 8, 1-Mbit EPROM 
250 


5962-89614 
03M 
XX 
AT27C010-20DM/883 
128K X 8, 1-Mbit EPROM 
200 


5962-89614 
03M 
YX 
AT27C010-20LM/883 
128K X 8, 1-Mbit EPROM 
200 


5962-89614 
04M 
XX 
AT27CO 10-17DM/883 
128K X 8, 1-Mbit EPROM 
170 


5962-89614 
04M YX 
AT27C010-17LM/883 
128K x 8, 1-Mbit EPROM 
170 


5962-89614 
05M 
XX 
AT27C010-15DM/883 
128K x 8, 1-Mbit EPROM 
150 


5962-89614 
05M 
YX 
AT27C010-15LM/883 
128K X 8, 1-Mbit EPROM 
150 


5962-89614 
06M 
XX 
AT27C010-12DM/883 
128K x 8, 1-Mbit EPROM 
120 


5962-89614 
06M 
YX 
AT27C010-12LM/883 
128K x 8, 1-Mbit EPROM 
120 • 


AlmEL 


AlmEL 


5962-89755 


Atmel Order Number 
Atmel Similer Part Number 
Circuit Description 
Access 
Time (ns) 


5962-89755 
01 KX 
AT22V10L-25FM/883 
22-lnput. 
1O-Output and-or-Logic 
Array 
25 


5962-89755 
01 LX 
AT22V1 OL-25GM/883 
22-lnput, 
1O-Output and-or-Logic 
Array 
25 


5962-89755 
01 3X 
AT22V1 OL-25NM/883 
22-lnput, 1O-Output and-or-Logic 
Array 
25 


5962-89755 
02 KX 
AT22V1 OL-30FM/883 
22-lnput, 1O-Output and-or-Logic 
Array 
30 


5962-89755 
02 LX 
AT22V1 OL-30GM/883 
22-lnput. 
1O-Output and-or-Logic 
Array 
30 


5962-89755 
02 3X 
AT22V1 OL-30NM/883 
22-lnput, 
1O-Output and-or-Logic 
Array 
30 


5962-89755 
03 KX 
AT22V1 OL-40FM/883 
22-lnput, 1O-Output and-or-Logic 
Array 
40 


5962-89755 
03 LX 
AT22V1 OL-40GM/883 
22-lnput, 1O-Output and-or-Logic 
Array 
40 


5962-89755 
03 3X 
AT22V1 OL-40NM/883 
22-lnput, 
1O-Output and-or-Logic 
Array 
40 


5962-89755 
04 KX 
AT22V10L-20FM/883 
22-lnput, 1O-Output and-or-Logic 
Array 
20 


5962-89755 
04 LX 
AT22V1 OL-20GM/883 
22-lnput, 10-0utput 
and-or-Logic 
Array 
20 


5962-89755 
04 3X 
AT22V10L-20NM/883 
22-lnput, 1O-Output and-or-Logic 
Array 
20 


5962-91545 


Atmel Order Number 
Atmel Simllsr Psrt Number 
Circuit Description 
Acce •• 
Time (ns) 


5962-91545 
01 M ax 
ATV2500H-35DM/883 
38-lnput, 24-0utput 
and-or-Logic 
Array 
35 


5962-91545 
01M 
XX 
ATV2500H-35LM/883 
38-lnput, 24-0utput 
and-or-Logic 
Array 
35 


5962-91545 
01M YX 
ATV2500H-35KM/883 
38-lnput, 24-0utput 
and-or-Logic 
Array 
35 


5962-91545 
02M ax 
ATV2500H-25DM/883 
38-lnput. 24-Output and-or-Logic 
Array 
25 


5962-91545 
02M 
XX 
ATV2500H-25LM/883 
38-lnput. 24-0utput 
and-or-Logic 
Array 
25 


5962-91545 
02M YX 
ATV2500H-25KM/883 
38-lnput. 24-0utput 
and-or-Logic 
Array 
25 


5962-91545 
03M ax 
ATV2500L -30DM/883 
38-lnput. 24-0utput 
and-or-Logic 
Array 
30 


5962-91545 
03M 
XX 
ATV2500L-30LM/883 
38-lnput. 24-0utput 
and-or-Logic 
Array 
30 


5962-91545 
03M YX 
ATV2500L -30KM/883 
38-lnput. 24-0utput 
and-or-Logic 
Array 
30 


Atmel Modified 
Class S 


Integrated 
Circuit Test Flow 


Introduction 
Ahnel 
has expanded 
upon 
and 
modified 
standard "Class S" testing procedures 
to ac- 
commodate 
up-to-date small-geomeb'y 
inte- 
grated circuit processing methods which are 


not covered 
in the standard Class S Flow. 
This document 
describes 
Ahnel's 
current 
Modified Class S Flow. 


Atmel 
Procedure 
MIL·STD·883D 
SCreen 
Reaulrements 
Number 
(as applicable) 


Wafer Lot Acceptance 
Mll-STD-883D, 
MS007(4) 


Aeaembly 


Wafer Mount 
1980-004 


Wafer Saw 
1980-003 


Wafer Clean 
1980-005 


Die Sort, Manual 
1980-029 


2nd Optical, 
Mil~ary 
Method 2010, Cond A, 
Class S Cr~eria 


Package 
Clean 
1980-037 


Die Attach 
Package 
Related 
Mark Wafer 
No. on Pkg 


Shear Test 
1980-038 
Method 
2019 
Inspect (1) 
1980-050 
Method 
2010, Cond A (5) 


Wire Bond 
1980-013 


Wire Bond Pull Test 
1980-039 
Method 2011, Cond 0 


Non Desl. Bond Pull 
1980-039 
Method 2023 


3rd Optical, 
MiI~ary 
1980-050 
Method 2010 Cond A, 
Class S Cr~eria 


QA Internal Visual 
240-037 
Method 2010, Cond A 


Preseal 
Clean 
1980-040 
N~rogen 
Blow Off 


Preseal 
Bake, Vacuum 
1980-053 


Seal 
Package 
Related 


Mark 
1980-032 


Production SCreens 


Temperature 
Cycling 
100% 
Method 
1010 Cond C 


Constant 
Acceleration 
100% 
Method 
2001 Cond E 


Visual Inspect 
(6) 


Pind(ll 
100% 
Method 2020 Cond A 


Serialization 
100% 


Pre-bum-in 
100% 


Test@25'C 


AlmEL 


Memory 
Military 
Products 


III 


AlmEL 


Screen R 
ulrements 


Burn-in 
(3) 


Interim Elect. @ 2S'C 
(7) 


HRTB Burn-in 
(Option) 
(7) 


Post burn-in 
Elect 
2S'C 


Percent 
Defective 
3%, S% 


Final Electrical 
Test 


Fine, Gross 
Seal(1) 


Radiographic 
(1) 


Quality 
Conformance 
Ins 
ion Sam 
Ie Selection 


AlffiifPrOCedure 
Number 


100% 


100% 


100% 


100% 


100% 


100%9 


100% 


Sample 


M1 01S. Cond A or C, 72 hours 


Read and Record 
Subgroup 
1 


Method 
S004 p 3.S.1 


Method 
S004 p 3.S.2 


Method 
1014 


Method 
2012 


Method 
S005 p 3.S 


Quality Conformance 
Inspections, 
Group A Electrical Tests 


Perform 
for Every 
Lot 
. 


·883 
100% 
Samplel 
Inspection 
Method 
Test 
Accept 


SubarouD 
1 
Static Tests @ 2S'C 
SOOS 
yes 
116/0 


SubarouD 
2 
StaticTests@12S'C 
SOOS 
yes 
116/0 


SubarouD3 
Static Tests @ -SS'C 
SOOS 
yes 
116/0 


SUbarouD4 
Dvnamic 
@ 2S'C 
SOOS 
yes 
116/0 


SUbarouDS 
Dvnamic@ 
12S'C 
SOOS 
yes 
116/0 


SUbarouDS 
Dvnamic 
@ -SS'C 
SOOS 
yes 
116/0 


SUbarouD7 
Functional 
@ 2S'C 
SOOS 
yes 
116/0 


SUbarouDBa 
+12S'C Functional 
Tests 
SOOS 
yes 
116/0 


SUbarouD8b 
-SS'C Functional 
Tests 
SOOS 
yes 
116/0 


SUbgroup 
9 
Switching 
@ 2S'C 
SOOS 
yes 
116/0 


Notes: 
1. This screening procedure shall be performed within the se- 
quence options allowed by MIL-STD-883, Method 5004, but 
not necessarily in the sequence shown. 
2. Parametric Read and Record requirements shall exist for this 
procedure only when delta parametric limits are required in 
the PDA procedure determination by customer specification. 
3. Condition F of MIL-STD-883 Method 1015 shall not apply. 


Paragraph 3.4.2 ofMIL-STD-883 
Method 5004 shall not 
apply. 
4. Products made by Atrnel do not comply to several require- 
ments ofMIL-STD-883 
Method 5007. These include wafer, 
metal and glassivation thickness, where thickness limits are 
different by design, and SEM inspection where lot and sample 
size requirements of method 5007 are not compatible with 
modem equipment capacity. An alternative Atrnel Wafer Lot 
Acceptance method exists and shall be used in place of 
method 5007. It is available upon request (when non-disclo- 
sure agreements exist). 


5. Atrnel shall take limited exception to compliance with MIL- 
STD-883 method 2010 for all contracts and all product. 
Atrnel will physically perform the inspection to the best of its 
ability but will not guarantee absence of die visual defects in 


Military 


total or to any specified LTPD limit. The extreme complexity 
and small feature size of Atrnel integrated circuit die make it 
physically impossible to inspect 100% of die features for the 
defect excluded by Method 2010. 
6. This procedure will be performed at the option of Atrnel. No 
lot acceptance criteria shall be imposed for this procedure. 
7. Interim electrical screen and HfRB burn-in shall be performed 
only when required by customer specification. When they are 
performed, Read and Record requirements shall exist only 
when delta parametric limits are required as part of PDA de- 
termination by customer specification. 
8. PIND shall be waived for non-JAN and non-883 compliant 
product unless specifically required by customer specification. 
9. Shall be performed after all lead forming, clipping or straight- 
ening operations and only in sequence allowed by MIL-STD- 
883, Method 5004. 
10. Shall be performed in sequence allowed by MIL-STD-883 
method 5004. If any lead forming, clipping, or straightening 
operations occur after this procedure, a sample seal test shall 
be performed on the lot (Fine and Gross with LTPD = 2, 
C=O). 


Quality Conformance Inspections, Group B Tests 


S = Sample 
Size / Accept 
Number 


MIL·STD·883 
883 Method 
5005 Class S 


Subgroup 
1 


a. Physical 
Dimensions 
(1) 
2016 
yes, S. 
2(0) 


b. Internal Water Vapor Content 
1018 
yes (1 ,4,7), S • 3(0) or 5(1) 


Subgroup 
26 


a. Resistance 
to Solvents, 
S = 4(0) 
2015 
yes 


b. Internal 
Vis and Mech, S = 2(0) 
2013 and 2014 
yes 


c. Bond Strength, 
LTPD = 10 (2) 
2011 
yes 


d. Die Shear Test 
2019 
yes 


Subgroup 
3 


a. Solderabil~y(3,6), 
LTPD = 10 
2003 
yes 


SUbgroup 4 
S = 2(0) 


a, Lead Integr~y, 
S = 2(0) 
2004 or 2028 
yes 


b. Seal Test Fine and Gross 
1014 
yes 


c. Lid Torque, 
S = 2(0) 
2024 
yes (4) 


SUbgroup 5 


a. Steady 
State Life 
1005 
yes 


b. Electrical 
Parameters 
. 
yes (8) 


SUbgroup 
6 


a. Temp Cycle, 
100 cycles 
1010, Cond C 
yes 


b. Constant 
Acceleration 
2001, Cond E 
yes 


c. Seal Test Fine and Gross 
1014 
yes 


d. Electrical 
Parameters 
yes (8), Rand 
R 


e. Die Shear Strength 
2019 


SUbgroup 7 


a.ESD 
3015 
yes (5), S _ 3(0) /15(0) 


b. Electrical 
Parameters 
group A, sub 1 
yes (5) 


Notes: 
I. Not required for Method 5005 devices if Group D testing is 
performed. 
2. LTPD = Number of bond pulls selected from a minimum of 
four devices. 
3. Required number of leads must be contained in a minimum of 
three devices. Must be post Bum-In devices. 


4. Applies only to packages with a glass-frit seal. 
5. Unless otherwise specified test shall be performed for initial 


Qualification and product redesign as a minimum. 
• 
6. Electrical rejects may be used. 
7. Required only when package contains a dessical1t. 
8. End point electricals as specified in applicable detail drawing. 


AlmEL 


AlmEL 


Quality Conformance Inspections, Group 0 Tests 


Perform 
Every 
Six Months 
for Method 
5004, 
5005 
Devices 


MIL·STD·883 Inspection 
883 Method 
5005 Class S 


Subgroup 1 (1) 


a. Physical 
Dim, LTPD = 15 
2016 
yes 


Subgroup 2 


a. Lead Integrity 
2004 or 2028 
yes 


b. Seal Test Fine and Gross 
1014 
yes 


Subgroup 3 
LTPD = 15 


a. Thermal 
Shock 
1011 
yes 


b. Temperature 
Cycle 
1010 
yes 


c. Moisture 
Rest. 
1004 
yes 


d. Seal Test Fine and Gross 
1014 
yes 


e. Visual Examination 
1004,1010 
yes 


1. Electrical 
Parameters 
. 
yes (2) 


Subgroup 4 
LTPD.15 


a. Mechanical 
Shock 
2002 
yes 


b. Vibration 
Var. Frequency 
2007 
yes 


c. Constant 
Acceleration 
2001 
yes 


d. Seal Test Fine and Gross 
1014 
yes 


e. Visual 
Examination 
1010,1011 
yes 


1. Electrical 
Parameters 
. 
yes (2) 


Subgroup 5 (1) 
S.15(0) 


a. Sa~ Atmosphere 
1009 
yes 


b. Seal Test Fine and Gross 
(4) 
1014 
yes 


c. Visual 
Examination 
1009 
yes 


Subgroup 6 
(1) 
S.3(0)or5(1) 


Internal Water Vapor Content 
1018 
yes 


SUbgroup 7 (1) 
S.15(0) 


Adhesion 
of Lead Finish 
2025 
yes 


SUbgroup 8 
(3) 
S.5(0) 


Lid Torque 
2024 
yes 


Notes: 
1. Electrical rejects may be used. 
2. Per applicable detail drawing. 


3. Applies to package with glass frit-seal only. 
4. Only for packages with leads exiting through a glass seal. 


Quality Conformance Inspections, Group E Tests 
Group E testing will be performed per device / customer speci- 
fication. 


Ole Products 


E2PROM 
Die products 
16-3 


• 
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Features 
• 
High Performance CMOS Technology 
• 
Low Power Dissipation· 
Active and Standby 
• 
Hardware Data Protection Features 
• 
OATA Polling for End of Write Detection 
• 
High Reliability 
Endurance: 104 Cycles 
Data Retention: 10 years 
• 
Single 5 V ± 10"10Supply 
• 
CMOS Compatible Inputs and Outputs 
• 
O·Cto +70·C Operating Range 
• 
Typical Ole Thickness of 22 Mils 


Description 
To facilitate custom packaging, 
some Atmel E2PROMS are available in die form. All Atmel 
E2PROM die products are 100% electrically tested in wafer form and visually inspected after 
saw and clean. Atmel's E2PROM die products are processed with an advanced CMOS floating 
gate technology. 
As with all Atmel products. 
they are designed and tested to ensure high 
quality and manufacturability. 
The devices may include such features as internal error correc- 
tion for extended endurance and improved data retention characteristics. 


Test Flow 
Atmel's die product sort testing incorporates 
comprehensive 
functional and parametric 
tests 
into wafer level tests. The typical Atmel E2PROM die test flow is outlined below. 


AlmlL 


E2PROM 
Die Products 


II 


AlmEL 


Testing 
Die product son test I includes checks for basic D.C. parame- 
ters such as Ice and input leakage as well as for A.C. switching 
parameters. 
Data pattern testing is included 
to guarantee 
the 


functionality of each bit and to guard against pattern sensitivity. 
Several oxide stress tests are included to reduce the likelihood 
of infant monality failures. 


The data retention bake is included to ensure the integrity of the 
core cell oxides. A pattern is written to each die at the end of die 
son teSt I. The wafers are then subjected to a high temperature 
bake. After the bake, the pattern written in die son test I is ver- 
ified by die son test 2. 


A final quality assurance test is performed on each assembly lot. 
A sample of the dice ready to ship is selected and electrically 
examined. 


Die Product Offering 
Die products are guaranteed across the commercial temperature 
operating range. The following E2PROM die products are cur- 
rently available from Atmel(l); 


AT28CI6 
AT28CI7 
AT28C64 
AT28PC64 
AT28HC64L 


AT28LV64 
AT28C256 
AT28HC256L 
AT28HC29IL 
AT28COIO 


Handling and Die Information 
Handling instructions 
for E2PROM die and other infonnation 
needed for using E2PROM die are available from Atmel. 


Note: I. The Atmellogo on the following die maps is not to scale 


and is only shown as a reference to properly orient the die. 


AT28C16 Die Map 
AT28C17 Die Map 


Die Size: 137 X 117 mils 
Die Size: 137 X 117 mils 


Connect 
Substrate 
to Ground 
Connect 
Substrate 
to Ground 


Ycc 


A6 
Ycc 
AS 
A6 
AS 
ROYI 


AS 
A7 
A9 
AS 
A7 
BUSY 
WE 
A9 


A4 
WE 
A4 


A3 
OE 
A3 
OE 


AT28C16 
AT28C17 


A2 
Al0 
A2 
A10 


A1 
CE 
Al 
CE 


AO 
110 1 
GNO 
110 
110 6 
AO 
110 1 
GNO 
1/0. 
1106 


1/00 
110 2 
110 3 
110 5 
1107 
1100 
1102 
110 3 
110 5 
110 7 


Signal 
X 
Y 
Name 
(~) 
(~) 


Ao 
-1270 
1130 


A, 
-1270 
1420 


A2 
-920 
1420 


A3 
950 
1370 
A-. 
1230 
1370 


As 
1230 
1140 


Aa 
1230 
900 


A7 
1230 
660 


As 
1230 
-680 


Ag 
1230 
-920 


A,o 
-1000 
-1630 


1/00 
-1190 
870 


Signal 
X 
Y 
Name 
(~) 
(~) 


1/0, 
-1190 
610 


1/02 
-1190 
360 


1/03 
-1190 
-230 


110. 
-1190 
-480 


I/Os 
-1190 
-740 


I/Oa 
-1190 
-990 


1/07 
-1190 
-1250 


GND 
-1190 
60 


Vcc 
1230 
·210 


WE 
1230 
-1630 


OE 
1000 
-1630 


CE 
-1230 
-1630 


Signal 
X 
Y 
Name 
(~) 
(~) 


Ao 
-1270 
1130 


A, 
·1270 
1420 


A2 
-920 
1420 


A3 
950 
1370 


A. 
1230 
1370 


As 
1230 
1140 


Aa 
1230 
900 


A7 
1230 
660 


As 
1230 
-680 


Ag 
1230 
-920 


AlO 
-1000 
-1630 


1/00 
-1190 
870 


I/O, 
-1190 
610 


Signal 
X 
Y 


Name 
(~) 
(~) 


1/02 
-1190 
360 


1/03 
-1190 
-230 


110. 
-1190 
-480 


1I0s 
-1190 
-740 


I/Oa 
-1190 
-990 


1/07 
-1190 
-1250 


RDY/BSY 
1230 
100 


GND 
-1190 
60 


Vcc 
1230 
-210 


WE 
1230 
-1630 


OE 
1000 
-1630 


CE 
-1230 
-1630 • 


AlmEL 


AlmEL 


AT28C64 Die Map 


Die Size: 100 X 168 
mils 


Connect 
Substrate 
to Ground 


AT28PC64 Die Map 


Die Size: 146 X 217 mils 


Connect 
Substrate 
to Ground 


Signal 
X 
Y 


Name 
(~) 
(~) 


Ao 
1867 
-921 


Al 
1867 
-1078 


A2 
1710 
-1113 
A3 
1702 
-1080 


A4 
-1870 
-1075 


As 
-1870 
-882 
As 
-1870 
-721 
A7 
-1870 
-528 


As 
-1870 
446 
Ag 
-1870 
607 
A10 
1720 
1097 


All 
-1924 
1070 


A12 
-1870 
-367 


1/00 
1826 
-693 


Signal 
X 
Y 
Name 
(~) 
(~) 


110, 
1826 
-507 


1/02 
1826 
-326 


1103 
1826 
124 


1/04 
1826 
315 


1/05 
1826 
506 


I/0s 
1826 
688 


1/07 
1826 
869 


RDY/BSY 
-1924 
-77 


GND 
1910 
-100 


Vcc 
-1895 
89 


WE 
-1870 
253 


OE 
-1679 
1060 


CE 
1872 
1090 


Signal 
X 
Y 
Name 
(~) 
(~) 


Ao 
-2610 
1270 
Al 
-2620 
1540 


A2 
-2380 
1540 


A3 
2150 
1540 


A4 
2400 
1540 
As 
2550 
1310 
As 
2550 
1070 
A7 
2550 
840 
As 
2550 
-490 
Ag 
2550 
-730 
AlO 
2380 
-1730 


A1l 
2550 
-1740 


A12 
2550 
600 
1/00 
-2460 
980 


Signal 
X 
y 


Name 
(~) 
(~) 


1101 
-2460 
740 


1102 
-2460 
480 


1/03 
-2460 
-430 


1/04 
-2460 
-680 


1/05 
-2460 
-930 


I/0s 
-2460 
-1180 


1/07 
-2460 
-1430 


GND 
-2590 
200 


Vcc 
2550 
0 


WE 
2550 
-250 


OE 
2290 
-1730 


CE 
-2620 
-1730 


GND 
-2590 
-140 


AT28HC64L 
Ole Map 


Die Size: 146 X 217 mils 


Connect 
Substrate 
to Ground 


AT28LV64 
Die Map 


Die Size: 100 X 168 mils 


Connect 
Substrate 
to Ground 


A6 
A12 
Vcc 
AS 


AS 
A7 refv 
WE 
A9 


Signal 
X 
Y 
Name 
(~) 
(~) 


Ao 
·2610 
1270 
A, 
·2620 
1540 


A2 
·2380 
1540 
A3 
2150 
1540 


A4 
2400 
1540 


As 
2550 
1310 


A6 
2550 
1070 


A7 
2550 
840 


As 
2550 
-490 
Ag 
2550 
-730 


Ala 
2380 
·1730 


An 
2550 
·1740 


A12 
2550 
600 


1/00 
-2460 
980 


Signal 
X 
Y 
Name 
(~) 
(~) 


1/0, 
-2460 
740 
1/02 
·2460 
480 
1/03 
-2460 
-430 


1104 
·2460 
·680 
1/05 
·2460 
·930 
1/06 
-2460 
-1180 
1/07 
-2460 
-1430 


GND 
-2590 
200 


Vcc 
2550 
0 


WE 
2550 
-250 


OE 
2290 
·1730 


CE 
-2620 
·1730 


GND 
-2590 
·140 


Signal 
X 
Y 
Name 
(~) 
(~) 
Ao 
1867 
·921 
Al 
1867 
·1078 
A2 
1710 
-1113 
A3 
1702 
·1080 
A4 
-1870 
-1075 
As 
-1870 
-882 
As 
·1870 
·721 
A7 
·1870 
·528 
As 
·1870 
446 
Ag 
·1870 
607 


Ala 
1720 
1097 


A" 
-1924 
1070 


A12 
-1870 
-367 


1/00 
1826 
·693 


Signal 
X 
Y 


Name 
(~) 
(~) 


1/0, 
1826 
-507 


1/02 
1826 
-326 


1/03 
1826 
124 


1/04 
1826 
315 


1/05 
1826 
506 


1/06 
1826 
688 


1/07 
1826 
869 


RDY/BSY 
-1924 
-77 


GND 
1910 
·100 


Vcc 
-1895 
89 


WE 
-1870 
253 


OE 
·1679 
1060 


CE 
1872 
1090 


AlmEL 
II 
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AT28HC256L Die Map 


Die Size: 224 X 323 mils 


Connect 
Substrate 
to Ground 


AT28C256 Die Map 


Die Size: 224 X 323 mils 


Connect 
Substrate 
to Ground 


AS 
A7 A14 
Vcc 
A13 
A9 


A6 
AIZ 
WE 
AS 


Al0 


CE 


Signal 
X 
Y 
Name 
(~) 
(~) 
AD 
-2309 
-3987 


A, 
-2598 
-3987 


Az 
-2598 
-3688 


A3 
-2595 
3650 


At 
-2574 
3898 


As 
-2299 
3898 


Ao 
-1694 
3898 


A7 
-1428 
3899 


As 
2220 
3902 


A9 
2484 
3901 


A,o 
2760 
-3645 


A'1 
2750 
3900 


A,z 
-1163 
3899 


A13 
1956 
3902 


A14 
-889 
3899 


Signal 
X 
Y 
Name 
(~) 
(~) 


1/00 
-1707 
-3915 


1/01 
-1305 
-3915 


I/0z 
-892 
-3915 


1/03 
681 
-3920 
1104 
1094 
-3920 


1/05 
1496 
-3919 


1/06 
1908 
-3918 


1/07 
2311 
-3918 


GND 
-517 
-3925 


GND 
310 
-3924 


Vcc 
-229 
3900 


Vcc 
132 
3900 


WE 
1693 
3902 


OE 
2749 
3600 


CE 
2657 
-3993 


Signal 
X 
Y 
Name 
(~) 
(~) 


Ao 
-2309 
-3987 


Al 
-2598 
-3987 


Az 
-2598 
-3688 


A3 
-2595 
3650 


At 
-2574 
3898 


As 
-2299 
3898 
Ao 
-1694 
3898 


A7 
-1428 
3899 


As 
2220 
3902 
Ag 
2484 
3901 


AlO 
2760 
-3645 


A" 
2750 
3900 


A,z 
-1163 
3899 


A13 
1956 
3902 


A14 
-889 
3899 


Signal 
X 
Y 


Name 
(~) 
(~) 


1/00 
-1707 
-3915 


1/01 
-1305 
-3915 


I/0z 
-892 
-3915 


1/03 
681 
-3920 


1/04 
1094 
-3920 


1/05 
1496 
-3919 


1106 
1908 
-3918 


1/07 
2311 
-3918 


GND 
-517 
-3925 


GND 
310 
-3924 


Vcc 
-229 
3900 


Vcc 
132 
3900 


WE 
1693 
3902 


OE 
2749 
3600 


CE 
2657 
-3993 


AT28HC291 
L Die Map 


Die Size: 118 X 144 mils 


Connect 
Substrate 
to Ground 


AT28C010 
Die Map 


Die Size: 356 X 429 mils 


Connect 
Substrate 
to Ground 


Signal 
X 
Y 
Name 
(~) 
(~) 


A<J 
-3723 
-5018 


A, 
-3948 
-5018 


A2 
-4184 
-5018 


A3 
-4279 
-4728 


A4 
-4289 
-4998 


As 
-3995 
5293 
As 
-3761 
5293 


A7 
-3526 
5293 


As 
3806 
5293 
Ag 
4041 
5293 


A,o 
4223 
-5141 


A'l 
4295 
5882 


A12 
232 
5293 


A13 
3571 
5293 


Au 
3100 
5293 


A1S 
468 
5293 


A1S 
703 
5293 


Signal 
X 
Y 


Name 
(~) 
(~) 


1/00 
-1266 
-5108 


1/01 
-926 
-5108 


1/02 
-51 
-5108 


1/03 
843 
-5108 


1/04 
1727 
-5108 


1/05 
2068 
-5108 


I/Os 
2982 
-5108 


1/07 
3322 
-5108 


GND 
581 
-5109 


GND 
285 
-5109 


GND 
425 
-5109 


Vcc 
1000 
5316 


Vcc 
1225 
5316 


Vcc 
1450 
5316 


WE 
2865 
5293 


OE 
4305 
-4904 


CE 
3938 
-5141 II 
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Standard Package Outlines 
17-3 


Thermal Specifications 
17-23 


AlmlL 
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Each Aunel data sheet includes an Ordering Infonnation 
Section which specifies the packatle 
types available. This section provides size specifications 
and outlines for all package types. 
) 


Package 


28B 


24C 


24CW 


16D3 


Description 


28 Lead, 0.300" Wide, Ceramic 
Side Braze Dual Inline (Side Braze) 
17-6 


32 Lead, 0.600" Wide, Ceramic 
Side Braze Dual Inline (Side Braze) 
17-6 


40 Lead, 0.600" Wide, Ceramic 
Side Braze Dual Inline (Side Braze) 
17-6 


24 Lead, Non-Windowed, 
Ceramic Flat Package (Cerpack) 
17-6 


24 Lead, Windowed, 
Ceramic Flat Package (Cerpack) 
17-7 


16 Lead, 0.300" Wide, Non-Windowed, 
Ceramic Dual Inline Package (Cerdip) 
17-7 


24 Lead, 0.300" Wide, Non-Windowed, 
Ceramic Dual Inline Package (Cerdip) 
17-7 


24 Lead, 0.600" Wide, Non-Windowed, 
Ceramic Dual Inline Package (Cerdip) 
17-7 


28 Lead, 0.600" Wide, Non-Windowed, 
Ceramic Dual Inline Package (Cerdip) 
17-8 


32 Lead, 0.600" Wide, Non-Windowed, 
Ceramic Dual Inline Package (Cerdip) 
17-8 


40 Lead, 0.600" Wide, Non-Windowed, 
Ceramic Dual Inline Package (Cerdip) 
17-8 


24 Lead, 0.300" Wide. Windowed, 


Ceramic Dual Inline Package (Cerdip) 
17-8 


24 Lead, 0.600" Wide. Windowed, 


Ceramic Dual Inline Package (Cerdip) 
17-9 


28 Lead. 0.600" Wide. Windowed, 


Ceramic Dual Inline Package (Cerdip) 
17-9 


32 Lead, 0.600" Wide, Windowed. 
Ceramic Dual Inline Package (Cerdip) 
17-9 


40 Lead, 0.600" Wide, Windowed, 
Ceramic Dual Inline Package (Cerdip) 
17-9 
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Standard 
Package 
Outlines 
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28F 
28 Lead. Non-Windowed. 
Ceramic 
Bottom-Brazed 
Flat Package (Flatpack) 
.17-10 


32F 
32 Lead. Non-Windowed. 
Ceramic 
Bottom-Brazed 
Flat Package (Flatpack) 
.17-10 


281 
28 Lead. Plastic J-Leaded Chip Carrier (PLCC) 
.17-1O 


321 
32.Lead. Plastic J-Leaded Chip Carrier (PLCC) 
.17-1O 


44J 
44 Lead. Plastic J-Leaded Chip Carrier (PLCC) 
.17-11 


68J 
68 Lead. Plastic J-Leaded Chip Carrier (PLCC) 
.17-11 


84J 
84 Lead. Plastic J-Leaded Chip Carrier (PLCC 
.17-11 


32K 
32 Lead. Non-Windowed. 
Ceramic J-Leaded Chip Carrier (JLCC) 
17-11 


28KW 
28 Lead. Windowed. Ceramic J-Leaded Chip Carrier (JLCC) 
17-12 


32KW 
32 Lead. Windowed. Ceramic J-Leaded Chip Carrier (JLCC) 
17-12 


44KW 
44 Lead. Windowed. Ceramic J-Leaded Chip Carrier (JLCC) 
17-12 


68KW 
68 Lead. Windowed. Ceramic J-Leaded Chip Carrier (JLCC) 
17-12 


28L 
28 Pad. Non-Windowed. 
Ceramic Leadless Chip Carrier (LCC) 
17-13 


32L 
32 Pad. Non-Windowed. 
Ceramic Leadless Chip Carrier (LCC) 
17-13 


44L 
44 Pad. Non-Windowed. 
Ceramic Leadless Chip Carrier (LCC) 
17-13 


28LW 
28 Pad. Windowed. Ceramic Leadless Chip Carrier (LCC) 
17-13 


32LW 
32 Pad. Windowed. Ceramic Leadless Chip Carrier (LCC) 
17-14 


44LW 
44 Pad. Windowed. Ceramic Leadless Chip Carrier (LCC) 
17-14 


32Ml 
32 Lead. Non-Windowed. 
Ceramic Dual Inline 
3206 Compatible LCC Module (Module) 
.17-14 


32M2 
32 Lead. Non-Windowed. 
Ceramic Dual Inline 
3206 Compatible Flatpack Module (Module) 
.17-14 


8P3 
8 Lead. 0.300" Wide. Plastic Dual Inline Package (PDIP) 
17-15 


16P3 
16 Lead. 0.300" Wide. Plastic Dual Inline Package (PDIP) 
17-15 


24P3 
24 Lead. 0.300" Wide. Plastic Dual Inline Package (PDIP) 
17-15 


28P3 
28 Lead. 0.300" Wide. Plastic Dual Inline Package (PDIP) 
17-15 


24P6 
24 Lead. 0.600" Wide. Plastic Dual Inline Package (PDIP) 
17-16 


28P6 
28 Lead. 0.600" Wide. Plastic Dual Inline Package (PDIP) 
17-16 


32P6 
32 Lead. 0.600" Wide. Plastic Dual Inline Package (PDIP) 
17-16 


40P6 
40 Lead. 0.600" Wide. Plastic Dual Inline Package (PDIP) 
17-16 


l00Q2 
100 Lead. Plastic Gull Wing Quad Flat Package 


(EIAJ PQFP) 
17-17 


17-4 
Packages --------- 
_ 


136Q 


l60Q 


208Q 


28R 


8S1 


14S 


16S 


24S 


28S 


28S2 


32S 


28T 


32T 


40T 


28U 


30U 


68UW 


32Z 


136 Lead. Plastic Gull Wing Quad Flat Package (PQFP) 
17-17 


160 Lead. Plastic Gull Wing Quad Flat Package (PQFP) 
17-17 


208 Lead. Plastic Gull Wing Quad Flat Package (PQFP) 
17-17 


28 Lead. 0.330" Wide. Plastic Gull Wing Small Outline (SOle) 
17-18 


8 Lead. 0.150" Wide. Plastic Gull Wing Small Outline 
(JEDEC SOIC) 
17-18 


8 Lead. 0.200" Wide. Plastic Gull Wing Small Outline 
(EIAJ SOIC) 
17-18 


14 Lead. 0.150" Wide. Plastic Gull Wing Small Outline (SOle) 
17-18 


16 Lead. 0.300" Wide. Plastic Gull Wing Small Outline (SOle) 
17-19 


24 Lead. 0.300" Wide. Plastic Gull Wing Small Outline (SOle) 
17-19 


28 Lead. 0.300" Wide. Plastic Gull Wing Small Outline (SOle) 
17-19 


28 Lead. 0.300" Wide. Plastic J-Leaded Small Outline (SOIC) 
17-19 


32 Lead. 0.440" Wide. Plastic Gull Wing Small Outline (SOlC) 
17-20 


28 Lead. Plastic Thin Small Outline Package (TSOP) 
17-20 


32 Lead. Plastic Thin Small Outline Package (TSOP) 
17-20 


40 Lead. Plastic Thin Small Outline Package (TSOP) 
17-20 


28 Pin. Ceramic Pin Grid Array (PGA) 
.17-21 


30 Pin. Ceramic Pin Grid Array (PGA) 
.17-21 


68 Pin. Windowed. Ceramic Pin Grid Array (PGA) 
17-21 


32 Lead. Non-Windowed. 
Ceramic Dual Inline 


3206 Compatible Multi-Chip Module (MCM) 
17-21 


AlmEL 
• 


AlmEL 


288. 28 Lead. 0.300" Wide. Ceramic Side Braze 
Dual Inline (Side Braze) 
Dimensions 
in Inches and (Millimeters) 


Mll..-SID-183S D-IS CONFIG C 


1.'20 (38.08) 
r-- 1.380(36.01)----, 
pc:::::o::r m 


PIN., 
IDENTIFY 
mI· 005(.,27)MIN 


.080 (1.e2) 
I 
.180 (4.08) 


.040(1.02) 
~ 
~ 
~ 


.125 (3.18) 


.080 (2.29)MAX- CI-] 
-l~ 


.110 (2.79) 
.020 (.508) 
.080(1.52) 


.090 (2.29) 
.016 (.408) 
.045 (1.14) 


1.300(33.02)REF 


.012(.305)D 
.008(.203) 
~ 
·.~\,:".~\ATSTANOOFF 


408.40 
Lead, 0_600" Wide, Ceramic Side Braze 
Dual Inline (Side Braze) 
Dimensions 
in Inches and (Millimeters) 
Mll..-SID-183S D-S CONFIG C 
~[~d~ 


PIN" 
IDENTIFY 


romij 


0OS <.121) MN 


.080n.52) 
~==="=e=""""""""",,=,, 
.160(.4.06) 


.•••• 
11.021 
~ 
T3O"1i3oI 


'-H-~. :.j l-; .. +;..~l-;.. j17S(HSI 
~,~~r -If:::: 1:'i:::=1;~i,"'" 


1.000 (••.•• 
) REF ----I 


0121-)1 
.001(.203) 
~•• 
•• 


Packages 


328. 32 Lead, 0.600" Wide, Ceramic Side Braze 
Dual Inline (Side Braze) 
Dimensions in Inches and (Millimeters) 
Mll..-SID-183S D-16CONFIG C 


1.620(41.15) 
~t:D~ 


PIN., 
lOENTlFV 


I 
.012 (.305) + 
.0081·203) 
I- 
•. 
~ 


24C, 24 Lead, Non-Windowed, 
Ceramic Flat Package (Cerpack) 
Dimensions in Inches and (Millimeters) 
Mll..-SID-183S F-6CONFIG A 


Mll..-SID-183S F-16CONFIG A 


JEDEC OUTIlNE MO-{)l9 AA 


.626 (16.0) 
.588(14.9) 
J 
r 


.370 (9.40) 
.250 (6.36) 


.019(.483) 


--.L.015 
(.381) 
--I 


--.L.05O 
(1.27)SSC 


~---.L .045(1.14)MAX 
, 


.391 (9.93) 
I 
.365 (9.27) 
--j 


.008 (.152) 
+:004(.102) 


.090 (2.29) 


:::L 
[.060 
(1.52) 


.044 (1.12) 
] 
.026 (.680) 


24CW,24 
Lead, Windowed, 
Ceramic Flat Package (Cerpack) 
Dimensions 
in Inches and (Millimeters) 


JEDEC 
OUTLINE 
MO-019 
AA 
r 


.370 (9.40) 
.250 (6.35) 


.019(.483) 


~.0'5(.38') 
--I 


~.05O 
(1.27) SSC 


~ 
~.045 
(1.14)MAX 


I 


.628 (16.0) 
.588 (14.9) 
J 


.39' (9.93) 
I 
.365 (9.27) 
--j 


.006(.152) 
.004 (.102) 
+ 


2403,24 
Lead, 0.300" Wide, Non-Windowed 


Ceramic Dual Inline Package (Cerdip) 
Dimensions 
in Inches and (Millimeters) 


MIL-STD-1835 
D-9 CONFIG 
A 
I- 
1.28 (32.5) -----;;::-l 


1_ 
_ 
_ 
1.24(31.5) _ 
_TI 
OCJO=r~ 
I 
---lI-.098 (2.49) 
1--'.100 
(27.94) REF---l 
MAX. 


.200 (5.08) 
--i t-- .005 (.127) 
MAX 
I I 
MIN. 


SEATING Imm~~~I§mLL 


PLANE LlIT~~ 
.~n.060(1.52) 


.200 (5.08H) 
I 
JL 
.015(.381) 


.125(3.18 
I-- 
.023(.584) 
.065 (1.65) 
.014 (.356) 


.110(2.79) 
.045(1.14) 
090(2.29) 
f---j 
325 (8 25) 
1,.....,..,.....1300(762) 


.015(381) 
~ 
l~REF 


008 (203) -I--~~ 
I 
1.400 (10.2) MAX 


AlmlL 


1603, 16 Lead, 0.300" Wide, Non-Windowed, 
Ceramic Dual In1ine Package (Cerdip) 
Dimensions in Inches and (Millimeters) 


MIL-STD-1835 
D-2 CONFIG 
A 
I- 
.~ -----;;::-l 


O 
l_-CJ 
_.770(19.6)_0 
_"Pl~"'NI -, 
~ 


---l 
.285 (7.24) 


I 
---lI-.065 (1.65) 


1--0.700(17.78)REF---l 
MAX. 


.200 (5.08) 
--i t-- .005 (.127) 


MAX 
II 
MIN. 


SEATING [WTWt 
PLANE 


.055(1.40) 
.175 (4.45) 
.025 (.635) 
,~"'~ 
l t", JL:::i~~i 
.110(2.79) 
.045(1.14) 


.090 (2.29) 
.320 (8.13) 


~ 
.290 (7.37) 


.015(.381)~~ 
P5REF 
.008 (.203) 
I 
. 1.400 (10.2) MAX 


2406,24 
Lead, 0.600" Wide, Non-Windowed, 


Ceramic Dual Inline Package (Cerdip) 
Dimensions in Inches and (Millimeters) 


MIL-STD-1835 
D-3 CONIFG 
A 
L 
1.29(32.8) 
~ 


00 


1.24(31.5) lJ':'~ 


.510 (13.0) 


~ 
I 
--j I-- .098 (2.49) 
r--- 
1.100 (27.94) REF ---i 
MAX. 


.225(5.72) 
--i 1--.005(.127) 


MAX 
II 
MIN. 


SE:~~tW~~~~~lWt~) 


.200(5~~1 
I 
JL 
.015(.381) 
.'25(3.~ 
f-- 
065(165) 
.023(.584) 


.110(2.79) 
:045(1:'4) 
.014(.356) 


.090 (2.29) 


1--.620 
(15.7)j 
1,-.590 
(15.0) 
j! :: ~REF 
.015 (.381)_ 
15 
.008(.203) 


I- 
..1.700 (17.8) MAX • 


AlmEL 


2806,28 
Lead, 0.600" Wide, Non-Windowed, 
Ceramic Dual Inline Package (Cerdip) 
Dimensions 
in Inches and (Millimeters) 


MIL-SID-1835 
D-IO CONFIG A 


3206,32 
Lead, 0.600" Wide, Non-Windowed, 


Ceramic Dual Inline Package (Cerdip) 
Dimensions 
in Inches and (Millimeters) 


MIL-SID-1835 D-16CONFIG A 


L'49(379)~ 
L168(427)~ 


00 


' 


44 


(366) 
u·:,-:l. 
00 


164 


(417) 
u·r-:l. 


510(130) 
570(145) 
-.1 
-.1 
I--- 098 (2 49) 
I--- 098 (2 49) 
l-- 1 300 (33 02) REF -==I 
MAX 
l-- 1 SOO(38 10) REF --=:j 
MAX 


225 (5 72) 
--i t-- 005 ( 127) 
225 (5 72) 
005 ( 127) 


MAX 
I I 
MIN 
MAX 
II 
MIN 


SE:~~~ EW~-~ 
~-WtQ§QJL51)SE~~~ tWmm-~~~IWt~ 


.200 5.08 
~ 
JL 
.0'5(.381) 
.200(5.~) 
~ 
JL 
.015(.381) 
.125(3.18) 
023(584) 
.125(3.18) 
065 (1 65) 
'--'- 
no<" 
«I 
.023 (.584) 
.. 
.014 (.356) 
.~ 
014 (356) 
.110(2.79) 
.045(1.14) 
.110(2.79) 
.045(1.14) 
.. 
.090 (2.29) 
.090 (2.29) 
f--.620 
(15.7)j 
1,-.590 
(15.0) 
ffl= 
: : 
~ 
1~ REF 
.015 (.381)_¢ 
~~--" 


.008 (.203) 
I· 
·1.700 
(17.8) MAX 


4006,40 Lead, 0.600" Wide, Non-Windowed, 
Cermic Dual Inline Package (Cerdip) 
Dimensions 
in Inches and (Millimeters) 


MIL-SID-1835 
D-5 CONFIG A 


I 
2.09(53.,)~ 
O 
· 
02.04(51.8) 
[.:, 
~l 


.570 (14.5) 
--.1 
I 
-I I--- .098 (2.49) 
t-- 1.900 (48.26) REF ---I 
MAX. 


.225 (5.72) 
--i t-- .005 (.127) 
MAX 
II 
MIN. 


S~~~~ EWmm~~-~-' 
Wt060(1.52) 


.200(5.08~) l 
JL 
.015(.381) 
.125(3.18) 
.065 (1.65) 
.023 (.584) 


.110(2.79) 
.045(1.14) 
.014(.356) 


.090 (2.29) 
f--.620 
(15.7)j 
1..-.590 (15.0) 
j! :: ~P5 
REF 


.015(.381) _ 
~ 
--" 


.008 (.203) 
I• 
·1 .700 (17.8) MAX 


Packages 


f--.620 
(15.7)j 


1,-.590 
(15.0) 
j! ::2l\ 
QREF 
.015 (.381)_ 
~ 
.008 (.203) 


I· 
·1.700 
('7.8) MAX 


240W3,24 
Lead, 0.300" Wide, Windowed, 


Ceramic Dual Inline Package (Cerdip) 
Dimensions 
in Inches and (Millimeters) 


MIL-SID-1835 D-9 CONFIG A 
L 
1.28(32.5) ~ 
oI::§::1/:3:J~:;~ 
I 
--II _ 
.098 (2.49) 
I--- 1.100(27.94)REF ---I""" 
MAX. 


~Zi08) 
11005 
(~~~) 


SEATING [Wwm~~IWt 


PLANE200{5'~ 
~ 
U II U 
JL .~1~~~ 


.125(3.18) 
-jh 
065(1 65) 
.023(.584) 


.110(2.79) 
:045(1.'14) 
.014(.356) 


.090 (2.29) 
1-------1 
.320(8.13) 


I~ 
I 
.290(7.37) 


~ 
.Q,REF 


.015 
(.381) 
__ P-L-L.l.-.J~ 
.008(.203) 
I. 
• 1400(10.2)MAX 


24DW6, 24 Lead, 0.600" Wide. Windowed. 
Ceramic Dual Inline Package (Ccrdip) 
Dimensions 
in Inches and (Millimeters) 


MIL-5TD-1835 
D-3 CONHG 
A 


28DW6, 28 Lead. 0.600" Wide, Windowed. 
Ceramic Dual Inline Package (Cerdip) 
Dimensions 
in Inches and (Millimeters) 


MIL-STD-1835 
D- 10 CONFIG 
A 
L 
1.29 (32.8) =---=T1 
L 
1.49(37.9) =---=T1 


0[0] 


10 


'24(31.5)o'~-:l., 
0[0]1 


0 


.44(36.6) 
o'I'-:l., 


.510(13.0) 
.510(13.0) 
J 
J 
f- .098 (2.49) 
I 
--l f- .098 (2.49) 
f-- 1.100 (27.94) REF -=j 
MAX. 
I--- 1.300 (33.02) REF --i 
MAX. 


.225 (5.72) 
.005 (.127) 
.225 (5.72) 
--i I-- .005 (.127) 
MAX 
II 
MIN. 
MAX 
I I 
MIN. 


SE:~~~ EW~~~IWt~) 
SE:~~~ m~~~IW+~) 


.200(5.08~1 l 
JL 
.015(.381) 
.200(5.08~) l 
JL 
.015(.381) 
125(318) 
.125(3.18) 


.. 
065 (1 65) 
.023 (.584) 
.065 (1.65) 
.023 (.584) 
'045 (1'14) 
.014 (.356) 
045 (114) 
.014 (.356) 
.110(2.79) 
.. 
.110(2.79)' 
. 
~~~ 
~~~ 
f-- 620 (15 7)j 


~ 


590150) 


Q REF 
15 


015 ( 3811 _ 
---' 
008 (203) 
I· 
·1 .700 (17.8) MAX 


t 


620(157)j 


~ 


90150) 


Q REF 
15 
015 ( 3811 _ 
---' 


008 (203) 
I· 
. I .700 (17.8) MAX 


32DW6. 32 Lead. 0.600" Wide. Windowed, 
Ceramic Dual Inline Package (Cerdip) 
Dimensions 
in Inches and (Millimeters) 


MIL-STD-1835 
D-16 CONFIG 
A 


4ODW6, 40 Lead. 0.600" Wide. Windowed. 
Ceramic Dual Inline Package (Cerdip) 
Dimensions 
in Inches and (Millimeters) 


MIL-STD-1835 
D-5 CONFIG 
A 
I--- 
168(427) 
~ 


0 


1_-[0] 
_'0·64(41.7) -0 
_'rri'l:L 


.570 (14.5) 
J 
I 
--l f- .098 (2.49) 
1---1.500(38.10)REF 
--i 
MAX. 


.225(5.72) 
--i 1--.005(.127) 


SEATINGMAXmTWi' 
I.-L 
MIN. 


PLANE 


.060 (1.52) 
.~~ 
l 
U I 
JL 
.015(.381) 


.125 (3.18) 
1 
023 (584) 
.065 (1.65) 
.. 
.110(2.79) 
.045(1.14) 
.014(.356) 


090 (2 29) 


I--- 
209(531) 
---;;;:-i 
0 


1_-[0] 
_20·04(51.8) -0 
_".£"1'1-:l., 


.570 (14.5) 
J 
I 
--l f- .098 (2.49) 
I--- 1.900 (48.26) REF --i 
MAX. 


.225(5.72) 
--i I-- .005(.127) 


SEATINGMAXm~ 
w=rll.-L 
MIN. 


PLANE 
~ 
~ 
.060 (1.52) 


.200 (5.08) 
.015 (.381) 


.125(3.1~ l 
.065(1.65) 
JL.023(.584) 


045(114) 
.014(.356) 


.110 (2.79) 
.. 
090 (2 29) 
f-- 620 (15 7)j 


I~ 5ftft 
Q REF 


01513811_A 
~ 
008 (203) 


I • 
• I .700 (17.8) MAX 


f-- 620 (15 7)j 


~ 


590150) 


Q REF 
15 


015 (381) _ 
---' 
008 (203) 
I· 
. I .700 (17.8) MAX 


AlmEL 
• 


AlmEL 


28F, 28 Lead, Non-Windowed, 
Ceramic Bottom-Brazed 
Flat Package (FIatpack) 
Dimensions 
in Inches and (Millimeters) 


MIL-5TD-1S35 F-12CONFIG B 


.370 (9.40) 
.250 (6.35) 


.019(.483) 
~.015(.381) 
--I 


~.050(1.27)BSC 
-----r 


~.045(1.14)MAX 


t 
.416(10.6) 
I 


.384 (9.75) --j 


.006(.152) 
.119(3.02) 


.004 (.102) 
[ 
.087 (2.21) 
h77(1.96)j--' =~' t 
t 
.043 (1.09) 
.045 (1.14) 


.286 (7.28) 
.028 (.660) 


.274 (6.96) 


28J, 28 Lead, Plastic I-Leaded Chip Carrier (pLCC) 
Dimensions 
in Inches and (Millimeters) 


JEDEC OUTLINE MO-047 AB 


• 
PIN NO 
1 
.045(1.14) 
X 30°.45 • 


.045(1.14)X"· 
Y[j.0121 
..305) 
t= 
IDENTIFY 
1.008 
(203) 


f[ 
IT 
-.l 
L 
.456(116)sa 
I 
=""n-,,,,, 
.~"" 


026(.6601L~U 
~'0131'330) 
1. 
.•95('26) sa 
.'30 (10.9) 
T 
.485(12.3) 
.390(9.91to 


.050(' .27)TYP 
I tj.04311.09) 
I 
1.300(7.62)REFsa 
-l.020 
(.506) 
r~ 
~: 
.180(4.57) 
.165(4.19) 


L~--I 
.022(.559)x "'MAX (3X) 
,. 


32F, 32 Lead, Non-Windowed, 
Ceramic Bottom-Brazed 
Flat Package (FIatpack) 


Dimensions 
in Inches and (Millimeters) 


MIL-STD-1835 F-IS CONFIG B 


JEDECOUTLINE MO-115 


.006(.152) 


g04(.,01) 


.365(9.27) -l 
.355(9.02) 


.'20 (3.05) 
.098(U9) 
I 


32J, 32 Lead, Plastic I-Leaded Chip Carrier (pLCC) 
Dimensions 
in Inches and (Millimeters) 


JEDEC OUTIlNE MO-052 AE 


.025 
(.635) 
X 30 . ~YM~) 
I 
.008(.203) 


-.L,. 
021(533) 
[1 


0'3(330) 
530('35) 
-490 (12.-4' 
-L 
l£j~) 


-l 
015(381) 
095(241) 
060(152) 
.'40 
(3 56) 
.120(3.05) 


.045 (1.14) X 45 
PIN NO.1 
LFlDENTIFY 
f[ 
n- 
L 
.553 (".0) 


~:{L~U'''7(13:~('5'') 
.595 (14.9) 


.050(1.27lJ 
I 
I------j.30017.62)REF 
M~) 


300(900) 
AT CONTACT 
POINTS 


~~ ~u 
.022(.559)X45'MAX(3X) 


!=.453 
(11.5)jilT 


.447(11.4) 
.495 (12.6) 
.485 (12.3) 


Packages 


44J,44 
Lead, Plastic J-Leaded Chip Carrier (pLCC) 


Dimensions 
in Inches and (Millimeters) 


JEDECOU1UNEM0.{)47 
AC 


• 
.045(1.14)X30,45' 
1::::f~i1'i 
~:i:: 
l 
~67)sa 
~ 
r 
.032(.S'3)J 
.650(16.5) 
.02' (.533) 
-"" 
i 1"""""1 JU~~I;;;:sa 
~013(:)(160) 
T 
I 
lU~O) 


.050(1.27)TV!' 
lIj.043 
(' .09) 
.500('2.7)REFso 
-1 
.020(.508) 
'20 
(3 OS) 


~~ 


090(229) 
,SO(457) 
.165(4.10) 
L~ 
022(550)X45'MAl«3X) 


84J. 84 Lead. Plastic J-Leaded Chip Carrier (pLCC) 
Dimensions 
in Inches and (Millimeters) 


JEDECOU1UNE M0-47 AF 


.oos (1.14)X30', os 


.oosxos· 
~~,:'~F~ i· 0'2(.305) 
J.:: 
.006(.' 52) 
l' 
IT 
-l. 
L 
1.'629.4)-' 
=<,,~,ro~,-r 


.026(.660).LL~U·20 
(30'4lsam0131:~~126'7) 
'.19 (30.0) 
109 (277) 
T 
. . 


.050(1.27)TVP I 
I1.00REFSO j 
~'020(0'5;)MIN 


~~ 
~: 
.20015.06) 
.165(4.19) 


~~-I 
.020(0.51)XOS'MAX(3X) 


I 


68J, 68 Lead, Plastic J-Leaded Chip Carrier (PLCC) 
Dimensions in Inches and (Millimeters) 
JEDECOU1UNE M0.{)47 AE 


.020 (0.5') MIN 
.130(3.30) 
rw, 


.090(2.2i) 
.200(5.06) 
.165(4.10) 


L~'020(0'5')XOS'MAX(3X) 


32K, 32 Lead, Non-Windowed, 
Ceramic J-Leaded Chip Carrier (JLCC) 
Dimensions in Inches and (Millimeters) 


~f:"~"" 
fT 
~ii::::::: 


1-565(144) 
~~ 
~)~LJJ'S45(1~) 


L 
.565(14.8) 
530(135) 


L 


480('24) 


.0501,.27)T~ 
--.L 


I 
I 
045(114) 


t-----1 
.300(7.62)REF 
027(eM) 
n 
:i~~: ~~i~: 


AT CONTACTPOINTS 
181 (4 24) 
.140(3.56) 


~~jl 
.025(.635)RAOtUSMAX 
(3X) 
i= .495(12.61 


.485 (12.3) 
• 


AlmEL 


28KW, 28 Lead, Windowed, 
Ceramic J-Leaded Chip Carrier (JLCC) 
Dimensions 
in Inches and (Millimeters) 


MIL-STD-1835 C-J7 


JEDEC OUTliNE MO-087 AA 


.03:5 (.889) x 45- 


.045 (1. '4) X 45· 
1'010 (.254) 


.c~9==-'- 
.006(.'52) 


lC[ 
~ 
-l 
.L 
.460(11.8) 
, 


.032(.8'3Ir 
0 
.445(11.3)sa 
.02' (.533 


.026(.800).LL~: 
1:~\',2~~) sa 
~0".~~~1O.9 
t 
P~ 
I 
.390(9.9' 


.050('.27)TYP 
~ 
~ 
I 
I .300(7.62)REF sa 
-1 
.035(.889) 
Qiff~~:!~~i 


~ 
~ 
.156(3.96) 


~~ 
.o.".,"~,","~"" 


44KW, 44 Lead, Windowed, 
Ceramic J-Leaded Chip Carrier (JLCC) 
Dimensions in Inches and (Millimeters) 
MIL-STD-1835 C-J 1 


.035 (.889) 
X 45· 


.045 (1,14) X4S" 
1'010 (.254) 
.c~ 
.006(.152) 


lC 
~ 
-l 
.L 
.665('6.9) 
, 


.032(.8'3)r[ 
09.645 
('6.4) sa 
.02' (.533 


.026(.800) L~J695(17.7) 
~017(.432 
1. 
.685(17.4)sa 
.630(16.0) 
t 
L 
.590(15.0) 


050 (1.27) TYP 
~) 
I 
I .500('2.7)REF sa 
.035(.889) 
F~ 
~: 
.180 (4.57) 
.156 (3.96) 


~~ 
..,~,"~,","~,. 


32KW, 32 Lead, Windowed, 
Ceramic J-Leaded Chip Carrier (JLCC) 
Dimensions 
in Inches and (Millimeters) 


035 (889) 
X 45·Ij~ 
0'0(.254) 


I"" 
I 
006(152) 


-l 
~ 


~ 


~;;::: 


530 (13 5) 


490(124) 
---..i 


-I 


045 (1 14) 


027 (686) 


103 (2 &2) 


073(185) 


167(424) 


140(356} 


68KW, 68 Lead, Windowed, 
Ceramic J-Leaded Chip Carrier (JLCC) 
Dimensions 
in Inches and (Millimeters) 


MIL-STD-1835 c-n 
JEDEC OUTliNE 
MO-087 AD 


.035(.889)X45 


.040x 45 
11.010 
(.254) 
~ 
---r- 
I. 
.000(.152) 


Tc 
I 
I 
J 
.L 
.965124.5) a 
, 


.032(.813)jt 
O~·930123.6) 
.021(.533 


.026(.660) 
L~J~50~0171.432 
1. 
.985125.0) 
.930(23.6) 
T 
1.890 
(2126) 


.050(' .27)TVP I 
I 
E.45(1.14) 


.800REF SO 
.035(.869) 
~, 
~: 
.20015.08) 
15513.94) 


~~ 
.0251.635)RADIUSMAX13X) 


Packages 


28L, 28 Pad, Non-Windowed, 
Ceramic Leadless Chip Carrier (LCe) 
Dimensions 
in Inches and (Millimeters)* 


MIL-STD-183S 
C-4r:::g;:2 
If:::~I:'':: 
l r=:::: 
.r 
.~~ 


'~[I6dJ'~0([~ 


...j 
~ 


.070(1.78) 


PIN1 
.055(1.40) 


_lU~:::::LL ."m~," 
!O~' 
1:i-t~H:!:~::us 


.300(7.82)BSC 1= 
:t:L .007(.178) 
LMl:~t~~ 


.050(1.27)lYP 
~ 
.040(' .02)X45' 
I-L .085(2.'6) 
.300(7.82)BSC 
.065(' .65) 


44L,44 
Pad, Non-Windowed, 
Ceramic Leadless Chip Carrier (LCe) 
Dimensions in Inches and (Millimeters)* 


MIL-STD-183S 
c-s 
[t 


'882(16.8) 
.640('6.3) 
.800(15.2) 
.10812.74) 


.~(14.7) 
l r- .085(2.'6) 
.Eu .~~ 


'640L~dJ'570(Li 


...j 
~ 


.080(2.03) 


PIN' 
.059(1.50) 
-lU~:::::fl·"~'~'" 
~~' 
1:i-t~H:!i~::us 


.500(12.7)BSC 1= 
:t:L .007(.178) 


LM1.029(.737) 
J.. .021(.533) 


.050(1.27)lYP 
~ 
.040(' .02)X45'(3X) 


I-L .06512.'6) 


.500 (12.7) REF 
,065 (1.65) 


32L, 32 Pad, Non-Windowed, 
Ceramic Leadless Chip Carrier (LCe) 
Dimensions in Inches and (Millimeters)* 


MIL-STD-183S 
C-12 


l 
t- .'00 (2.54) 
I 
.085(2.'6) 
r~ 


.540113.7)1a. 


500([1 


...j 
~ 


.075(1.81) 
059(1.48) 
PIN1 


~ 


~ 
095(241) 
045(1.14) 


.075('81) r INDEXCORNER 
i 


L .025(835)X45' 


.-- 
.015(.~,) 


I 
.012(.305)RADIUS 
.400(10.2)REF 
~ 
.007(.178) 
L~ 
~=-r~ 
S.,.~~-i. 
.021(.533) 
• 


.050(1.27)lYP -j p.' 
I 
I ( 
.040(1.02)X45 
(3X) 
I---J I-- .085(2.18) 
.300(7.82)REF 
.085(1.85) 


28LW, 28 Pad, Windowed, 
Ceramic Leadless Chip Carrier (LCC) 
Dimensions in Inches and (Millimeters)* 


MIL-STD-183S 
C-4 
[t'~ 
.~(11.2) 
.430(10.8) 
.110(2.78) 


.~(9.65) 
l r- .095(2.4') 
.ru;o .~~ 


'~[I1~dr38°([i 


...j 
~ 


.070(1.78) 


PIN1 
.055(1.40) 


~ 


~) 
.095(2.41) 
.045(1.14)r INDEXCORNER 


'Off75 (1.91 
1l4:'~X45' 


.- 
.015(.381) 


I 
.012(.305)RADIUS 
.300(7.82)BSC 
1. .007(.178) 


LM1.029(.737l 
J.. .021(.533) 


.050(' .27)lYP 
~ 
.040(1.02)X45'(3X) 


I-L .085(2.'8) 
.:100(7.62) BSC 
.066 (1.66) 


AlmE!L 
•• 


32LW. 32 Pad. Windowed. 
Ceramic Leadless Chip Carrier (LCC) 
Dimensions in Inches and (Millimeters)" 


MIL-STD-1835C-12 


[ 


,458(11.6) 


.442 (11.2) 
.440 11.2 
.400 (10.2) 
I 
Ll1°JI 


l r 
.115 (2.92) 
.100 (2.54) 
1~ 
.540 (13.7).ua. 


500([1 


...I I- 


.075 (1.91) 
059 (150) 
PIN1 


~ 


~ 


095 (241) 
.045(1 14) 
075(191) 
~ 
INDEXCORNER 
i 


L 
.025 (635)X45' 
r- 
015(381) 
I 
.012(305) 
RADIUS 


.400 (10.2)REF 
'-...i 007(178) 
Ll: 
~~~ 


~~_"ul,4--l.021 
(.533) 
• 


.050 (1.27)TYP--l p.' 
I I ( .040 (1.02)X45 
(3X) 
'----1 l-- .085(2.16) 
.300(7.62)REF 
.065 (1.65) 


32Ml. 
32 Lead. Non-Windowed. 
Ceramic Dual Inline 


3206 Compatible 
LCC Module (Module) 


Dimensions 
in Inches and (Millimeters) 


AlmEL 


44LW.44 
Pad. Windowed. 
Ceramic Leadless Chip Carrier (LCC) 
Dimensions in Inches and (Millimeters)" 


MIL-STD-1835C-5 
[t 


.682 (16.8) 
.640 (16.3) 
.570 (14.5) 
.120 (3.05) 


~(13.7) 
l r .100 (2.54) 
.ru;-o .J:~ 


'640L~QJ'54°([1 


...I I- 


.080 (2.03) 


PIN1 
.059 (1.50) 


~ 


~) 
.095 (2.41) 
.045 (1.14)r INDEXCORNER 


.0;75(1.91 
~q'~X45' 
r- 
.015 (.381) 


I 
.012 (.305)RADIUS 


.500 (12.7)BSC 
~ 
.007(.178) 


L~l'029('737) 
1. .021 (.533) 


.050 (1.27)TYP 
~ 
.040 (1.02)X45' (3X) 


1- L .085 (2.18) 


.500 (12.7)REF 
.065 (1.65) 


32M2. 32 Lead. Non-Windowed. 
Ceramic Dual Inline 


3206 Compatible Flatpack Module (Module) 
Dimensions in Inches and (Millimeters) 


~g 


-.J 
I-, 
II ~023('584)~1-- 
-, 
. I 
-I 
.014 (.356) 
.100TYP 
.065(1.65) 
.040(1.02) 


.090(2.29) 
.070 (1.78) 
.110 (2.79) 
.090 (2.29) 
.200 (5.08) 
.125 (3.18) 


~ 


---r 
.085(2.16) 
_ ..J.. .070 (1.78) 
I .085(2.16) 
- 
.070 (1.78) 


.015 (.381LL 
.610(15.5) 
I 


.008(.203)-F'- .590 (14.4) --1 


(ATSTANOOFF) 


____________..L .385(9.78) MAX 
~.........,.,~~II~ 
....•.......... 
~"""""JJf=:MIN 


..,'l -I 
.020(.508)-11- 
.150(3.81) 


.100 (2.54) TYP 
.016 (.406) 
.053 (1.35) 
.047(1.19) 


~ 
.012 (.305LL 
.606(15.4) 
I 
.008 (.203)- ~ 
.594(15.1)--1 


(ATSTANDOFF) 


Packages 


8P3, 8 Lead, 0.300" Wide, 
Plastic Dual Inline Package (PDIP) 
Dimensions 
in Inches and (Millimeters) 


.3IlO(9.65) 
.360 (9.14) 
t::f1D'~ 
~ 
.240(6.10) 
I --l I-- .037 (.940) 
I------l 
.027 (.690) 


.300 (7.62)REF 


.170(4.32)M 
MAX 
.100 (2.54)BSC 


SEATING 
-..L 


~NE E~ 
l.015 
(.360)MIN 


.135(3.43) 
.125(3.16) 
=-1~ 
.020(.510) 
.065(1.65) 
.016(.410) 
.056 (1.40) 


i-------l 
.325 (6.26) 
I ,....-=--, I 
.300 (7.62) 


~ 


OREF 


.012 (,305)__ 
15 
.008(.203) I. 
.1.400 
(10.2)MAX 


24P3.24 
Lead. 0.300" Wide, 
Plastic Dual Inline Package (pDIP) 
Dimensions 
in Inches and (Millimeters) 
L 1.27(32.3) 
~ 
OOo=r~ 
I 
--j 
1--.090 
(229) 
t-- 1.100(27.94) REF --l 
MAX. 


.~.~5,;06) 
--l r- .005 (.127) 
~ 
I 
MIN. 


SEATING rfTTITt ~ 
51rrLL 


PlANE unr 
'u n.070(I.78) 


:i~li:~111 
jL.023~~~) 
~ I- 
.014 (.356) 


.110(2.79) 
·:g«i·:)) 


.090 (2.29) 
.. 


1-------l 
.325 (8.26) 
I r-=--"l I 
.300 (7.62) 


~ 


-REF 
.012 (.305) __ 
15 


.006 (.2031 I. 
.1.400 
(10.2) MAX 


A11DIL 


16P3, 16 Lead. 0.300" Wide. 
Plastic Dual Inline Package (PDIP) 
Dimensions 
in Inches and (Millimeters) 
L'~)~ 
ooo=r~ 


I 
--j 
1--.080 
(2.03) 
t-- 0.700 (17.78) REF --l 
MAX. 


.200 (5.06) 
I r- .005 (.127) 


SEATINGMAX[W 
~ 
Wt 
MIN. 


PLANE 


.070 (1.78) 


:i;~I;:~11I 
jL.02:i~~~) 
~ I- 
.014 (.356) 


.100 (254) BSC 
::g li.g;1 


1-------l 
.320 (8.13) 


I r-=--"l I 
.290 (7.37) 


~ 
Q.REF 
.012 (,305) __ #-~,~ 
.006 (.203) I. 
. 1.400 (10.2) MAX 


28P3, 28 Lead. 0.300" Wide. 
Plastic Dual Inline Package (pDIP) 
Dimensions 
in Inches and (Millimeters) 
Ll~~ 
ooo~~ 


I 
--j 
1--.090 
(2.29) 
t-- 1.300 (33.02) REF --l 
MAX. 


.200(5.06) 
I r- .005(.127) 


SE:~ 
MT-!TITIi 
~ 
blTILL 
MIN. 
unr 
'U fl070(I,78) 


:i~~li:~:1I 
jL.023~~~) 
~ I- 
.014 (.3561 


110 (2 79) 
.065 (1.65) 
:090 (2:29) 
.040 (1.02) 


1-------l 
.325 (8.26) 


I r-=--"l I 
.300 (7.62) 


~ 


1~REF 
.012(.305)__ 
.-/ 
.006 (.203) I. 
·1.400 
(10.2) MAX • 


AlmEL 


24P6, 24 Lead, 0.600" Wide, 
Plastic Dual Inline Package (pDIP) 
Dimensions 
in Inches and (Millimeters) 
f--- 
1.27 (32.3) ----0::1 
0 


1_-0 


_1.24(31.5) 
-~ 
_"I:~I2 


.530(13.5) 
-l 
I 
--l 1-.090 
(2.29) 
I-- 
1.100 (27.94) REF ---j 
MAX. 


.220(5.59) 
--i I-- .005(.127) 


SEATINGMT-f1lTI1 T@--L 
MIN. 


PLANE onr 
'u n.065(1.65) 


.161 (4.09) 
.015(.381) 


.125(3.~1 l 
JL.022 
(.559) 
~ 
.065 (1.65) 
.014 (.356) 


.110(2.79) 
.041 (1.04) 


.090 (2.29) 
I-- .630 (16.0)j 
1,.590 
(15.0) 


.012 (.305)-J/i 
2A.! REF 


.008 (.203) 
1-.690 
(17.5) 
I 


.610(15.5)~ 


32P6, 32 Lead, 0.600" Wide, 
Plastic Dual Inline Package (pDIP) 
Dimensions 
in Inches and (Millimeters) 
f--- 
1.67 (42.4) ----0::1 


0 


1_-0 


_1.64(41'7)_~ 
-''5-':'12 
.530 (13.5) 
-l 
I 
--l I-- .090 (2.29) 
I-- 
1.500 (38.10) REF ---j 
MAX. 


.220 (5.59) 
--i I-- .005 (.127) 


SEATINGMT-fiT1l1 
~ 
@--L 
MIN. 


PlANE onr 
·u n.065(1.65) 


.~~ 
I 
U I 
JL 
.015(.381) 
.125(3.18 
I-- 
"1 
.022(.559) 


.065 (1.65) 
.014 (.356) 
.110(2.79) 
.041 (1.04) 
090(2.29) 
1--.630 
(160)j 
I, 590 (15 0) 


012 (305) -ii 
2A.! REF 
008 (.203) 
1-.690(17.5) 
I 


.610(15.5)~ 


Packages 


28P6, 28 Lead, 0.600" Wide, 
Plastic Dual Inline Package (pD IP) 
Dimensions in Inches and (Millimeters) 
L 
1.47(37.3) 
~ 
QDOj:;: 


I 
--l I-- .090 (2.29) 
I-- 
1.300 (33.02) REF ---j 
MAX. 


.220(5.59) 
I r- .005(.127) 


MAX[W~~IW=t 
MIN. 


SEATING 
---L- 


PLANE 
~ 
~ 
.065 (1.65) 
.161 (4.~09) I 
JL 
.015(.381) 


.125(3.18) 
I-- 
.022(.559) 


.065 (1.65) 
.014 (.356) 


.110(2.79) 
.041 (1.04) 
090 (2 29) 
I-- 630 (16 O)j 
I, 590(150) 


012 (305) -4 
tiAJ 
REF 


008 (203) 
1-.690 
(17.5) 
I 


.610(15.5)~ 


4OP6, 40 Lead, 0.600" Wide, 
Plastic Dual Inline Package (pDIP) 
Dimensions 
in Inches and (Millimeters) 
L 
2.07(52.6) 
~ 
00 


2. 


04 


(51.8) 
~'~ 2 


.530 (13.5) 
-l 


I 
--l I-- .090 (2.29) 
I-- 
1.900 (48.26) REF ---j 
MAX. 


.220(5.59) 
I r- .005(.127) 


MAX[W~~IW=t 
MIN. 


SEATING 
---L- 


PLANE 
~ 
~ 
.065 (1.65) 
.161 (4.~) 
1 
JL 
.015(.381) 
.125 (3.18 
I-- 
.022 (.559) 


.065 (1.65) 
.014 (.356) 
.110(2.79) 
.041 (1.04) 
090(229) 
I-- 630 (16 O)j 
I, 590(150) 


012 (305) -Ii 
ZAJ REF 


008 (203) 


1-.690(17.5) 
I 


.610(15.5)~ 


l00Q2, 
100 Lead, Plastic Gull Wing Quad Flat 


Package (PQFP) 
Dimensions 
in Inches and (Millimeters) 


136Q, 136 Lead, Plastic Gull Wing Quad Flat Package 
(PQFP) 
Dimensions in Inches and (Millimeters) 


.026(.66) BSC L 
I 
.009(0.22) 


.016(0 .• ,) 1- 


.782(19.87) 


.792(20.12) 
1 


.96<1(2"'8) 


Jj66(25.,0) 


.0256l0.65)BSC L 
I 


16OQ, 160 Lead, Plastic Gull Wing Quad Flat Package 
(PQFP) 
Dimensions 
in Inches and (Millimeters) 


1.246(31.65) 
sa 


1.266(32.15) 
~ 


o 


2080, 208 Lead, Plastic Gull Wing Quad Flat Package 
(RQFP) 
Dimensions 
in Inches and (Millimeters) 


r---- 
1.218(30.95) sa 


1.238(31.45) 
~ 


o 


.0256(0.65)BSC L 
I 
.020(0.50)BSC l 
T 


tb§ 


1.098(27.90) sa 
~ 
1.106(28.10) 
~ 


.004(0.10) 
~ 
.157(3.97) 


.008(0.20) 
~-II-II-III-"-III~"-IIi~"-IIi-1 


--H- 
.025(0.65) 
.002(0.05) 


.037(0.95) 
.020(0.50) 


.004(0.10) 
f· 012(O.3O) 


~-~ 


1.106(28.10) 
.127(322) 


.004(0.10) 
1% 
.157(197) 


008(o20)imq"IIIIIII1iIlIliI::;t~ 
-ll- .025(0.65) 
.002(005) 


.037(0.95) 
.020(0.50) 
II 


AlmEL 


28R, 28 Lead, 0.330" Wide, 
Plastic Gull Wing Small Outline (SOle) 
Dimensions 
in Inches and (Millimeters) 


881,8 
Lead, 0.150" Wide, 
Plastic Gull Wing Small Outline (JEDEC SOle) 
Dimensions 
in Inches and (Millimeters) 


.020 (.508) --II-- 
.014 (.356) 
II 
QOul 


.350 (8.89) 
.338 (8.59) 


PINllO 0 
~ 


--11-- 
.050 (1.27) BSe 


--II-- 
.019 (.483) 
II 
.014 (.356) 
Mf~ 


PIN 1 10 W~·150(3.81) 


--11-- 
.050 (1.27) BSC 


t 


.244 (6.20) 
.230 (5.84) 
i 


.494 (12.5) 
.460 (11.7) 


L 


~ 


'728(18'5)~ 


.708 (18.0) 
~-l 


.020 (.508) ] 
.002 (.051) 


.110(2.79) 


[ 
.090 (2.29) 


.196 (4.98) 
D 


.068 (1.73) 


[ 
.061 (1.55) 


.010 (.2d--! 


.004 (.102) 


I 
.013 (.330) 
~--.rOO8 
(203) 


.050 (1.27) 
II-::-T 


.037 (.940) --j r-- 


~ 
REF 
.010 (.254) 


~Ji 0 i\,--.L .008(.203) 


~035 
(889) 
II-=-r 
.016 (.406) --j r 


882,8 
Lead, 0.200" Wide, 


Plastic Gull Wing Small Outline (EIN 
SOle) 
Dimensions 
in Inches and (Millimeters) 


148, 14 Lead, 0.150" Wide, 
Plastic Gull Wing Small Outline (SOle) 
Dimensions in Inches and (Millimeters) 


--II-- 
.020 (.508) 


II 
.012 (.305) 
Mf~ 
PIN 110W~ .205(5.21) 
. 


--11-- 
.050 (1.27) BSC 


t 


.330 (8.38) 
.300 (7.62) 


i 


.019 (.488) --II-- 
.014 (.351) 
II 


~f~ 
~--.-L152(3.86) 


---ll-- 
.050 (1.27) BSC 


.212(5.38) 
Q 


.080 (2.03) 
[ 
.070 (1.78) 


.013(.d-T 


.004 (.102) 
t=J 


.338 (8.59) 


--.L 


.010 (.249) ] 


.004 (.102) 


.068 (1.73) 


[ 
.060 (1.52) 


o"'8 REF 
.010 (.254) 
~B-t--.L 
.007(.178) 


\:035 
(.889) --Ii=T 


.020 (.508) 


o"'8 
REF 
.010 (.249) 
:.L-Ji E3 \\,--.L 
.008(.191) 


\.035 
(.889) --1i=T 


.016 (.406) 


Packages 


16S. 16 Lead. 0.300" Wide. 
Plastic Gull Wing Small Outline (SOle) 
Dimensions 
in Inches and (Millimeters) 


.020 (.508) -0- 
.013(.330) 
II 


QOut 


.299 (7.60) 
.291 (7.39) 


P1N11D 0 
. 
~ 


--II-- 
.050 (1.27) BSC 


~ 


'414(15'5)~ 
.397(10.1) 
tuii?.--L 


.012(.305) 
] 


.003(.076) 


.105 (2.67) 
[ 
.092 (2.34) 


~ 


~) 
+- 
-.I .009 (.229) 


.050 (1.27) 
=---r 
J!. REF 
.015(.361) 
~ 
6 


28S. 28 Lead. 0.300" Wide. 
Plastic Gull Wing Small Outline (SOle) 
Dimensions 
in Inches and (Millimeters) 


.020 (.508) -j I- 


.013 (.330) 
II 
QOut 


.299 (7.60) 
.291 (7.39) 


P1N1ID 0 
~ 


--I I-- 
.050 (1.27) BSC 


~ 
~~ 


.696 (17.7) 
~.--L 


.012(.305) 
] 
.003(.076) 


.105 (2.67) 
[ 
.092 (2.34) 


~ 


.013(.330) 
+- 
-.I .009 (.229) 


.050(1.27) 
=r 
~ 
REF 
.015(.361) 
~ 


24S, 24 Lead. 0.300" Wide. 
Plastic Gull Wing Small Outline (SOle) 
Dimensions in Inches and (Millimeters) 


.020 (.508) -j I- 
.013 (.330) 
II 
QOut 


.299 (7.60) 
.291 (7.39) 


P1NlID 
0 
-i 


--II-- 
.050 (1.27) BSC 


~ 


.~~ 
.596 (15.2) 
~.--L 


.012 (.305) ] 
.003(.076) 


.105 (2.67) 
[ 
.092 (2.34) 


=*-.0 
1 


.!!REF 
6 


~ 
.013(.330) 
-.I .009 (.229) 


.050(1.27) 
11=r 


.015 (.361) --j r--- 


28S2, 28 Lead. 0.300" Wide. 
Plastic J-Leaded Small Outline (SOle) 
Dimensions 
in Inches and (Millimeters) 


.020 (.508) -11- 
.013 (330) 
II 
DDU1 


.299(7.60) 
.291 (7.39) 


P1N1ID 0 
~ 


~ 
~050 
(1.27) BSC 


~ 


'714(16'1)~ 
.696 (17.7) 
~.--L 


.036 (.914) 
] 


.025 (.635) 


.130 (3.30) 
[ 
.115(2.92) 


.013(.330) 
t 
a =f 
.009 (.229) 


_I 
.277(7.04) l- 
I 
.257 (6.54) 


AlmEL 
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328, 32 Lead, 0.440" Wide, 
Plastic Gull Wing Small Outline (SOIC) 
Dimensions 
in Inches and (Millimeters) 


28T, 28 Lead, Plastic Thin Small Outline Package 
(TSOP) 
Dimensions in Millimeters and (Inches) * 


Ti 


~ 
1- 
-H- 
--11-.270(.011) 


.180 (.007) 
~~R~-~---[- 
:~:::: 


.011 (.279) 
] 


.004 (.102) 


~ 
REF+- 


5",<1E=1 =~III-f 


.700 (.028) --11-- 
.300 (.012) 


32T, 32 Lead, Plastic Thin Small Outline Package 
(TSOP) 
Dimensions 
in Millimeters and (Inches) * 


4OT, 40 Lead, Plastic Thin Small Outline Package 
(TSOP) 
Dimensions 
in Millimeters and (Inches) * 


li 
r1~ 
+254 
(.010) 


.500 (.020) SSC 
.152 (.006) 


~ 
~,o==.-=-=-=-=-=-~--jk..d 


' 
600(.024' 
400 (0. 16) 


*Conlrolling dimension: millimeters 
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28U, 28 Pin, Ceramic Pin Grid Array (PGA) 
Dimensions 
in Inches and (Millimeters) 


.••• (UO) 
.•••• 
(1.1<) 
OIA 


.0231.584) 
.013 (.330) 
OIA 


26 27 , 
3 • 
25 2. 
28 2 • 
2322 
~ 
7 


2' 20 
8 
8 


19115 
14 10 11 


18 17 
1!S 13 
12 


68UW, 68 Pin, Windowed, 
Ceramic 
Pin Grid Array (PGA) 
Dimensions 
in Inches and (Millimeters) 


INDEXMAAK 
118(3QOlSQ 
_ 


1.14 29.0 sa 


.055 (1.40) 


·gjX(1.14) 


.020 (.508) 
.016(.406) 
OIA 


30U, 30 Pin, Ceramic Pin Grid Array (PGA) 
Dimensions 
in Inches and (Millimeters) 


."'IUO) 
·•.••1'·'·) 
OIA 


.023 (.584) 
.017("32) 
OIA 


26 27 , 
3 • 
2524 
28 2 
5 
2322 
20 8 
7 


2' 20 30 8 
g 


151 16 
14 10 11 


18 17 
15 
13 12 


32Z, 32 Lead, Non-Windowed, 
Ceramic Dual Inline 


3206 Compatible 
Multi-Chip Module (MCM) 


Dimensions in Inches and (Millimeters) 


1[::::::::::::::J11~ 
I ! 
"~a:~~~)EF_-----j 
l 


1.570 139.88) 
~ 
_____________..L 
.270 (8.88) 
MAX 


lfJ.DDDDDDDDD.fJ.D.DDD.[Jl_....L" 
.040 (1.02) MIN 


~~~~~~I~I~ 
~~~~~~~~[E :~ 
l~:~: 
-I 1...j 
.021 1.5331~1- 


.100 (2.54)TYP 
.015(.38') 


.OSS(1.40) 
.045 (1.1') 
Fi 
r-t== .~1!,5.~)-1II 


.013 (.330XATSTANDOFF) 
.000 (.220) 
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The thermal performance 
of the semicon- 
ductor package is a very important consider- 
ation for the board designer. The reliability 
and functional 
life of the device is directly 
related to its junction operating temperature. 
As the temperature 
of the device increases. 


the stability of its junctions 
decline. as does 
its reliable life. The thermal performance 
is 
also important to the board design. because 
it may limit the board density. or dictate the 
board location of high power-dissipating 
de- 
vices. or require expensive cooling methods 
for the system. 
As devices 
have become 
more 
complex 
and 
boards 
have 
become 
denser. the need to account for the thermal 
characteristics 
of packages has shifted from 
being a minor consideration 
to being a nec- 
essary consideration. 


The .thermal performance 
of a package 
is 
measured 
by 
its ability 
to dissipate 
the 
power required 
by the device into its sur- 
roundings. 
The electrical 
power drawn by 
the device generates heat on the top surface 
of the die. This heat is conducted 
through 
the package 
to the surface and then trans- 
ferred to the surrounding 
air by convection. 
Each heat transfer step has a corresponding 
resistance 
to the heat flow. which is given 
the value a. the thermal 
resistance 
coeffi- 
cient. Subscripts are added to the coefficient 
to specify 
the two points 
that the heat is 
transferred between. Commonly 
used coef- 
ficients are aJA (iunction 
to l!ffibient air). 
aJC (iunction 
to package 
case). 
and 
9cA 
(£ase to !mbient 
air). 
- 


An 
electrical 
analogy 
can 
be 
made. 
as 
shown in the figure below. to illustrate the 
heat flow of a package. The heat transfer can 
be characterized 
mathematically 
by the fol- 
lowing equation. 


Tj - Ta =P x alA 


where. 
P 
Device operating power [wailS] 
Tj 
= 
Temperature of a junction on the 
device [ ·C] 
Ta = 
Temperature of the surrounding 
ambient air [ ·C] 


Two conclusions can be made after examin- 
ing this analogy. First. the lower the value of 
aJA. the better the heat dissipation 
of the 
package. 
Secondly. 
the value of aJA is di- 
rectly dependent 
upon both the conductive 
(aJc) and convective (aCA) properties of the 
package. 
aJC is a function of the package 
material. the adhesion between the package 
materials. and device size. 9cA is a function 
of the package size and configuration. 
pack- 
age mounting method. and air flow across 
the package. 
Lower 
aJA values 
can 
be 
achieved 
by specifying 
ceramic 
packages 
instead of plastic packages. choosing larger 
packages. or improving 
air flow across the 
package. 


The 
thermal 
resistance 
values 
of Atmel 
standard packages are listed on the follow- 
ing page. The figures shown are maximum 
values for a. typical values are lower depen- 
dent upon the device type. 
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Thermal 
Specifications 
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AlmEL 


9JC 
9JA [·CfW] 
[ ·CfW] 
Airflow - 0 fVmin 
Airflow = 100fVmin 
Airflow = 500 fVmin 


Ceramic DIP 
24D3/DW3 
9 
65 
50 
35 


24D6/DW6 
10-15 
45 
35 
20 


28D6/DW6 
10-15 
45 
35 
30 


32D6/DW6 
10 
45 
35 
30 


40D6/DW6 
7 
40 
30 
25 


Plastic DIP 
24P3 
22 
82 
72 
60 


24P6 
39 
82 
72 
60 


28P6 
36 
n 
68 
56 


32P6 
34 
72 
64 
53 


40P6 
30 
68 
60 
49 


Leadless 
28ULW 
12 
68 
56 
48 
Chip Carrier 
32ULW 
10 
65 
55 
47 
(LCC) 
44ULW 
8-10 
60 
49 
40 


Plastic Leaded 
28J 
16 
60 
50 
40 
Chip Carrier 
32J 
16 
60 
50 
40 
(PLCC) 
44J 
14 
50 
44 
35 


J-Leaded 
28K1KW 
16 
72 
64 
53 
Chip Carrier 
32K1KW 
16 
72 
64 
53 
(JLCC) 
44K1KW 
16 
68 
60 
49 


Cerpack 
24C/CW 
15 
81 
72 
63 


Packages 


